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Rule 132 Declarat ion 

Upbti being duly cautioned, I depose and state as follows: 

1 . My natiie is David L. vesely, M.D., PhJ>. I arii employed by the Dep^ment of 
Internal Medicine and the Department of Physiology and Bidphysics at the 
University of South Florida. I am the Director df the Cardiac Hormone Center 1 at 
the Umversity of South Florida Health Sciences Center, arid I am the Chief of 
Endocrinology and Metabolism at the J. A Haley Veterans Adhiiriistfatibfi Medical 
Ceritef, whose address is 13000 BfuCe B. Downs Blvd., Tampa, Florida, 33612. My 
prirhary responsibility is patierit Care. I have been a practicirig ritedical doctof fdr 33 
years and a medical researcher for 35 years. My education and other data are 
included iri my curriculum vitae attached hereto. 

2. Subsequent to the filing of the application, referenced above, experiments were 
conducted by myself to test the effectiveness of the four peptide horrridrie^ from the 
atrial rJatriufiflic' peptide prohormone to inhibit the growth of Carcinoriias from 
human breast aderidcarbidoiha cells and frbfh small-cell lung dancer of the lung. 

3. A iQurrial article titled Four peptide hormdries decrease the riiritiber of human breast 




2&gn£MisM8ti3£Mi& was published i ri the January 2005 edition of the European 
Journal Of Clinical Investigatibn (vol. 35, pp 60-69, Jan. 2005), a copy of which is 
attached hereto as E^fflff A 
4. The research protocol eriipldyed to test the effect of the of the four peptide 
HormOries frorti the atrial riaMuretic peptide prbhdfmdrie to inhibit the growth df 
carcinomas frbrh human breast a^enocafcindma cells was substantially the same as 
that used iri the mStatrf application. 
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4 Cells wete subculture! for 24 hours and then seeded to cover slips in 
24 well plates. 

• Cells were submitted to 24 hours of serum deprivation. 

• After 24 hours of serum deprivation, media volume was reduced 
2S0ut per well, with of without the respective peptide hormones at 
their I-uMcoriceritratioris. 

• CeHs were then incubated for varying amounts of time (24, 48, 72, 
arid 96 hours) 

5 Tne number of breast adenocarcinoma cells after 24 hours without the addition of 
any of the peptide hormones averaged 75+ 3 cells per high-powered field wKefl ten' 
fields of the cover Slip were evaluated at x40 along the x-axii 

6. The addition of 1 urtt of Ibri^ acting natriuretic peptide (LAM*) decreased the 
number' of adenocarcmoriia ceils to 52 + 3 cells; a 3 1% decrease (P<0.05). 

7. Vessel dilator, at luM concentrations for 24 hours, yielded a 60% (P<0.001) 
decrease in the number of adenocarcinoma cells. 

8. KflfuNtid peptide, at lurii cofieefitratidris for 24 hours, yielded a 27% (F<0.05) 
reduction in breast adenocarcinoma cells. 

9. The riurhBer' of breast dderidcarcmOrtia cells in culture' decreased 40% (F<0.01) 
when exposed to atrial natriuretic peptide (I urn) for 24 hours. 

10. A journal article titled Four peptide hormones decrease the rtumbef Of huriiarj 

Cell lung Cancer cells was submitted to CUfncaJ Cancer Research iri 2004, a copy Of 
which is attached hereto as fi?SRuBlf B. 

1 1 . The research protocol employed to test the effect Of the Of the four peptide 
hdrrhdries from the atrial riatriur etic peptide prohormone to inhibit the gtOwth of 
carcinomas from human breast adenocarcinoma cells was identical to that used in 
regard to huftiari breast adetiocafemoiha cells (sitprd). 

12. The number Of Small-cell lung carcinoma cells after 24 hours wftROut the addition 
of any of the peptide hormone averaged 89+9 cells pef high-powered field wheri ten 
fields Of the Cover slip were evaluated at x40 along the x-axis. 

13. The addition of I urii Of long acting ftaMuretic peptide (LANP) decreased the 
number of atfenocafCifioiria cells to 68+ 6 cells; a 21% decrease (P<0.05). 

14. Vessel dilator, at luM ddriGentratiOris for 24 hours, yielded a 63% (P<0.001) 
decrease in the number Of Small-cell lung c^rdridrna dells". 
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15. Kaliuretic peptide, at luni concentrations 1 for 24 hours, yielded at 30% (P<0.05) 
reduction in smatf-cell Jung cafCindtriai cells. 

16. The number' of breast adenooafcinoma cells in culture decreased 39% (P<0.01) 
wfieii exposed to atrial natriuretic peptide (I urn) for 24 hours. 

17. The aforementioned studies show that the four peptide hormones froth the atrial 
natriuretic peptide prdhdrmone inhibit the growth 6f dafcmomas irrespective of the 
site of origin; i.e., breast and pancreatic, and one skilled in the art would expect that 
they would inhibit the growth of dthef baYcmorhas as well (i.e. prostate, colon, arid 
lung atf eriddaf cmdmas). 

18. The data included herein would enable one skilled in the aft to apply the 1 teachirtgS 
of the instant application to all types of cancer without undue e^erimentatidri as the 
agents significantly decrease the number of several, different types of cahdef Cells. 

19. All staternerits made herein of my own knowledge are true arid all statements made 
on information and belief are believed to be true and further that false statements 
arid the like" so made are punishable by fine, imprisonment or both under Section 
1001 of Title IS of the United States Code, and that such willful, false statements 
may jeopardize the validity of the application and any patent issued pursuant 



thereto. 




CURRICULUM VITAE 



David L. Vesely, M.D. Ph.D. F.A.C.P. F.A.C.E. 



Professor of Internal Medicine, Physiology & Biophysics 
University of South Florida Health Sciences Center 
Tampa, Florida 



Medical School Address: 

Chief of Endocrinology, Diabetes and Metabolism 
Tampa V. A. Medical Center 
13000 Bruce B. Downs Boulevard 
Tampa, Florida 33612 

Telephone: Office (813) 972-7624, Home (813) 977-8776 
Fax: (813) 972-7623 



Academic and Administrative Experience : 

Acting Associate Chief of Staff for Research and Development at the James A. 
Haley Veterans Medical Center and Acting Chief of Endocrinology, Diabetes and 
Metabolism, University of South Florida Medical School, 2004. In addition to 
Director, University of South Florida Cardiac Hormone Center (Tampa), and Chief of 
Endocrinology, Diabetes and Metabolism, James A. Haley Veterans Medical Center, 
Tampa, Florida. 

Director, University of South Florida Cardiac Hormone Center, 1999-present. 

University of South Florida, Tampa, Florida. This is a multidisciplinary center consisting 
of faculty from Biochemistry and Molecular Biology, Internal Medicine, Obstetrics and 
Gynecology, Physiology and Biophysics. 

Chief, Endocrinology, Diabetes & Metabolism, 1993-present. James A. Haley 
Veterans Affairs Medical Center, Tampa, Florida. Provides leadership and training of 
endocrinology fellows, medical residents and fourth year medical students at James A. 
Haley Veterans Hospital which has more ambulatory care visits than any other veterans 
hospital in the United States (over 970,000 clinical visits per year). 

Professor of Medicine, 1 989-present. University of South Florida Health Sciences 
Center and James A. Haley Veterans Affairs Medical Center, Tampa, Florida. As 
Attending Physician at Tampa General Hospital, James A. Haley Veterans Medical 
Center, and Moffitt Cancer Center Hospital, serve as the endocrinology consult 
physician and provide comprehensive medical care for fee for service, medicare, and 
managed care patients including faculty and indigent patients while at the same time 
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providing teaching instruction for third year medical students, medical housestaff, and 
endocrinology fellows. 

Distinguished Visiting Professor (July-Dec. 1995). The Christchurch School of 
Medicine, Christchurch, New Zealand. A mini sabbatical to determine the molecular 
species of brain natriuretic peptide prohormone and its metabolically active peptides 
within the human heart and circulation. This was a collaborative investigation with the 
Endocinology Research Group in Christchurch consisting of Eric Espiner, M.D., Tim 
Yandle, Ph.D., A. Mark Richards, M.D., and M. Gary Nicholls, M.D. 

Professor of Physiology and Biophysics (In addition to Professor of Medicine), 
1990-present University of South Florida Health Sciences Center, Tampa, Florida. 
Directs the research training of graduate and postgraduate PhD and MD students. 

Professor of Medicine, 1983-1989. University of Arkansas for Medical Sciences and 
Chief of Endocrinology and Metabolism, John L McClellan Veterans Hospital Little 
Rock, Arkansas. Provided leadership in the training of third year medical students, 
medical residents, and endocrine fellows while also serving as the primary care 
physician in treating fee for service patients and patients in the federal health care 
system. 

Senior Fogarty International Scholar and Professor of Medicine, 1984-1985. Institut 
National de la Sante et de la Recherche Medicate Faculte de Medicine (Pasteur) Nice, 
France. Senior Fogarty International Fellowship from United States' National Institutes 
of Health was utilized to share new technologies with investigators at the Diabetes 
Branch of the French National Institutes of Health while at the same time learned new 
molecular biology techniques from French investigators under the direction of Pierre 
Freychet, M.D. 

Associate Professor of Medicine, Acting Chief, Division of Endocrinology and 
Metabolism, 1979-1983. University of Arkansas for Medical Sciences Little Rock, 
Arkansas. Developed Endocrinology and Metabolism Division at the University from a 
one member division with no extramural grant funds into a division with five MD 
endocrinologists and two PhDs with over one million dollars in extramural grant 
support. 

Assistant Professor of Medicine, Acting Chief, Division of Endocrinology and 
Metabolsim, 1978-1979. University of Arkansas for Medical Sciences Little Rock, 
Arkansas. 

Assistant Professor of Medicine, Division of Endocrinology and Metabolism, 
1977-1978. University of Miami School of Medicine Miami, Florida. 

Instructor in Medicine, Department of Medicine, Division of Endocrinology and 
Metabolism, 1976-1977. University of Miami School of Medicine Miami, Florida. 

Education: 



Creighton University. Omaha, Nebraska, Bachelor of Science Biology 1961-1964. 



David L. Vesely, M.D., Ph.D. 3 

Creighton University, School of Dentistry, Omaha, Nebraska, 1964-1967. 

Doctor of Medicine (MD), University of Arizona School of Medicine, Department of 
Medicine, Tucson, Arizona, 1968-1972. 

Doctor of Philosophy (PhD), University of Arizona, Department of Biological 
Sciences, Tucson, Arizona, 1968-1972. 

National Institutes of Health (N.I.H.) Fellow for combined medical and Ph.D. training, 
1968-1972. 

Postgraduate Training : 

Internship, University of Miami Affiliated Hospitals (Straight Medical), Miami, Florida, 

1972- 1973. 

Residency, University of Miami Affiliated Hospitals (Straight Medical), Miami, Florida, 

1973- 1974. 

Fellowship in Endocrinology and Metabolism, Division of Endocrinology and 
Metabolism, University of Miami, School of Medicine, Miami, Florida, 1974-1 976. 

Personal : 

Born : March 6, 1943 

Married : Clo Farrell, 1973 (deceased-cancer, December 2002) 

Children : Susanna, 1974; Catherine, 1978; Matthew, 1981; Brian, 1984; 
Jonathan, 1988. 

Honors and Awards : 

President of Delta Sigma Delta, international dental fraternity, 1965-1967. 
President of Dental School Sodality, 1965-1967. 

National Institutes of Health Pre-Doctoral Fellow (Biochemistry and Physiology, 
University of Arizona, Tucson, Arizona), 1968-1972. 

Lange Scholarship Award, 1968-1972. 

Mosby Scholarship Award, 1968-1972. 

National Institutes of Health Post-Doctoral Fellow (Endocrinology Subspeciality Training 
and Research Fellowship, University of Miami School of Medicine. Miami, Florida), 

1974- 1976. 

Outstanding Clinical Teacher, University of Miami School of Medicine, 1977. 
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Honors and Awards (cont): 

Physician Recognition Award from American Medical Association, 1977. 

Outstanding Young Men of America Award for 1979 awarded by U.S. National Jaycees. 

New York Academy of Science, member, 1979. 

Who's Who in the South and Southwest, 1980 to present. 

Outstanding Clinical Teacher voted by the 1979-1980 Senior Medical Class, 1980. 

Invited participant in Gordon Research Conference on Cyclic Nucleotide Metabolism, 
1981. 

Senior Fogarty International Fellow (N.I.H.) at Institut National de la Sante et de la 
Recherche Medicale. Nice, France, 1984-1985. 

Inducted into American Men and Women of Science for outstanding contributions to the 
biological sciences, 1986-1987. 

Outstanding Clinical Teacher voted by 1987-1988 Senior Medical Class, 1988. 
Distinguished Physicians of America Award, 1990. 

Native Son Award, 1990. City of Scribner (Nebraska) Award for outstanding 
achievements by a person whose early education began in Scribner. The Award 
plaque and portrait of Dr. Vesely will be permanently displayed in the Civic Auditorium. 
Dr. Vesely received the American Legion Medal as the Outstanding Scholar-Athlete 
when he graduated from Scribner Public High School in 1961. 

The Best of Who's Who in the Health and Medical Sciences, 1991 to present. 

The University of Arizona College of Medicine Alumni Medal. This award for an 
outstanding alumni was presented at the University of Arizona College of Medicine in 
1992. 

American Heart Association National Council for Basic Science, 1994-present. 
Experimental Biology 94 (Federation Meetings) - featured symposium speaker, 1994. 
Fellow, American College of Endocrinology, 1995. 
Who's Who in Science and Engineering, 1995 to present. 
Who's Who in American Education, 1996 to present. 
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Honors and Awards fcont.): 

Featured speaker at Society of Nephrology, Republic of China, 1996. 

United States Patent No. 5,691,310, 1997. 

Who's Who in the World, 1998 to present. 

Who's Who in Medicine and Health Care, 1998-present. 

One Thousand Great Americans - The International Biographical Centre of Cambridge, 
England, 2001. 

Featured Plenary Speaker - On Atrial Natriuretic Peptides in the New Millennium at the 
European Renal Association Annual Meeting, June 24-27, 2001, Vienna, Austria. 

Lifetime Achievement Award - The International Biographical Centre of Cambridge, 
England, 2001. 

Experimental Biology 2002 - Featured Speaker and Chair of Symposium on "Diagnosis 
and Treatment with Atrial Natriuretic Peptides", April 20-24, 2002, New Orleans, 
Louisiana. 

United States and International Provisional Patent 02 B065 PR, 2003. 

America's Top Physicians, Consumer Research Council of America, 2003, 2004, 2005. 

United States and International Provisional Patent 04B068 PR, 2004. 

Featured Symposium Speaker and Chair of Symposium - "Diagnosis and Treatment 
Utilizing Natriuretic Peptides". International Physiological Congress/Experimental 
Biology Meeting 2005. March 31 -April 5, 2005, San Diego, California. (20,000+ 
scientists attending) 

University. State and National Service : 
University : 

Endocrine, Diabetes, and Metabolism Clinics-weekly/twelve months/year (University 
and Veterans' Administration clinics) (1978 to present). 

Medicine Clinic Attending-twice per week throughout the year at University until 1985. 
From 1985 on, weekly at Veterans Administration Endocrine/Diabetic Clinics to present. 

Internal Medicine Ward Attending - 4 months/year (1978-2000). One month/year 
(2000- ). 

Physical Diagnosis: Since 1976, yearly has taught physical diagnosis. 
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Internship Applicant Interviewer. 

Research Council for Research Development of the University of Arkansas for Medical 
Sciences (1978-1981). 

Instructional Development and Education Awards Committee (1979-1989). 

Research Advisor to Dean's Institutional Self Study Analysis of the College of Medicine 
for the National Liaison Committee on Medical Education (1979-1989). 

Clinical Affairs Advisor to Dean of College of Medicine for Institutional Self Analysis for 
the National Liaison Committee on Medical Education (1985-1989). 

Product Evaluation and Standards Committee, University of Arkansas for Medical 
Sciences (1982-1989). Chairman, 1984. 

Council for Academic Affairs. University of Arkansas for Medical Sciences (1983- 
1989). 

Goals and Objectives of Medical Residency Committee. University of South Florida 
Medical School (1991- present). 

Dean's Committee for Evaluation of Department of Physiology, University of South 
Florida Health Sciences Center (1993-1994). 

Faculty Council, University of South Florida College of Medicine (1993-1997). 

Search for Chair, Department of Physiology, University of South Florida Health 
Sciences Center (1994-1995). 

Search Committee for two new faculty members in Department of Physiology, 
University of South Florida Health Sciences Center (1997). 

Search Committee for a new faculty member in Department of Physiology, University of 
South Florida Health Sciences Center (1998). 

University of South Florida Research and Creative Scholarship Program (1994 to 
present). 

Search for Director, Division of Cardiology, Department of Internal Medicine, University 
of South Florida Health Sciences Center (2000). 

Search for Director, Renal Division, Department of Internal Medicine, University of 
South Florida Health Sciences Center (2000). 

Review of Research and Grant Proposals, Department of Medicine, University of South 
Florida Medical School (2002-present). 
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Medical School Representative for University of South Florida to Council of Southern 
Society for Clinical Investigation (2002-present). 

State and Federal : 

Research and Development Committee, John L. McClellan Veterans Affairs Hospital, 
Little Rock, Arkansas (1 987-1 989). 

Research and Development Committee, James A. Haley Veterans Hospital, Tampa, 
Florida (1989-2001). 

Research Advisor to Arkansas Chapter of American Diabetes Association (1978-1989). 

Chairman, Professional Committee, Arkansas Chapter of American Diabetes 
Association. (1982-1985). 

Made a one-hour videotape "Diabetes and Its Complications," for Arkansas Public 
Television Network (1981). After being shown locally it was syndicated and has been 
shown on the National Public Television Network. 

Yearly lectures on "Diabetes Mellitus and Its Management" at Area Health Education 
Center in Fayetteville; at the Veterans' Administration Hospital in Fayetteville, and the 
Area Health Education Center in Pine Bluff. (1978-1989) 

Yearly lectures on various endocrine conditions at Little Rock Air Force Base Hospital 
(1978-1989) 

Yearly lectures on endocrine diseases - Orlando Regional Medical Center, Orlando, 
Florida (1989-), Sarasota Regional Medical Center, Sarasota, Florida (1990-), Winter 
Park Memorial Hospital, Winter Park, Florida (1990-), and Sun Bay - Humana Hospital, 
St. Petersburg, Florida (1990-present). 

Hillsborough County Public Schools and Tampa Catholic High School (Tampa, Florida) 
Teach In - Presentation to various grade schools and high schools of what a physician 
does and how new medical discoveries benefit people (1990-present). 

High School Science Teachers Summer Institute - 1991-Seminars on newest advances 
in medical science for teachers in the Hillsborough County School System. 

Drug Utilization and Evaluation Committee, James A. Haley Veterans Hospital (Tampa, 
Florida). This committee determines the utilization pattern and cost-effectiveness of 
drugs that are to be placed in the hospital pharmacy (1993-present). 

American Heart Association, Florida Affiliate, Research Peer Review Committee (1993- 
1997). 

Director's Risk Management Committee, James A. Haley Veterans Affairs Hospital 
(Tampa, Florida). Department of Medicine representative to committee that evaluates 
all potential lawsuits for Veterans Administration Hospital and advises the Director 



David L. Vesely, M.D., Ph.D. 



8 



whether standard of care was met and whether potential lawsuit has any merit (1993- 
present). 

Director of Diabetic and Endocrinology Clinics - John L. McCelllan Veterans Medical 
Center, Little Rock, Ark. - 1985-1989, James A. Haley Veterans Administration Hospital, 
Tampa, Florida - 1993-present. 

Chairman of Diabetes Advisory Committee (to advise Director and Chief of Staff on all 
matters relating to diabetic patient care), James A. Haley Veterans Administration 
Hospital, Tampa, Florida, 1993- present. 

Made one-hour videotape "Prostate Cancer" for Florida Public Television Network 
(WEDU) in 1999. After being shown locally it was syndicated for National Public 
Television Network. 

First Annual African-American Men's Health Forum, Tampa, Florida (2/26/2000). 
Featured speaker on "Diabetes Mellitus in African-American Men". 

Second Annual African-American Men's Health Forum, Tampa, Florida (2/24/01). 
Featured speaker on "Understanding Your Risk for Diabetes". 

National : 

Reviewer for Am. Heart J., Am. J. Med, Sci. , Am. J. Physiology, Archives of Internal 
Medicine , Biochim et Biophvs Acta, Cardiovascular Research, Circulation , 
Endocrinology , Peptides , Metabolism , Journal of Clinical Endocrinology and 
Metabolism , and Science . 

Lectured on "Endocrine Emergencies" for the American College of Chest Physicians 
Critical Care Course in St. Louis, MO. 

Membership Committee. The Endocrine Society (1983-1986), Chairman (1985-1986). 

Department of Veterans Affairs Merit Review Study Section Grant Reviewer (1989- ). 

National Institutes of Health Study Section: Biochemical Endocrinology. Special 
Reviewer (1990- ). 

American Heart Association National Council for Basic Science (1994-present). 

American Heart Association - National: Review of investigator originated research 
grants (1996- ). 

Editorial Board - The American Journal of the Medical Sciences (2002-present). 

Academic Relations Task Force - Combined Committee of American Association of 
Clinical Endocrinologists and The Endocrine Society (2004-2005). 
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Dr. Marie Rochat, Ph.D., Professor of Pharmacology, Laboratoire de Pharmacie. 
U.E.R. des Sciences Pharmaceutiques et Biologiques de Grenoble (France). Dr. 
Rochat did her research for her Ph.D. (1980) in Dr. Vesely's laboratory. 

Quingfeng Kong, M.D., Post-Doctoral Fellow, Cardiology Research. Shanghai Medical 
School. People's Republic of China (1991-1992). 

Hanan Farghaly, M.D., Post-Doctoral Fellow. Alexandria University Medical School, 
Alexandria, Egypt (1998-1999). 

Imran Hassan, M.D., Post-Doctoral Fellow. Punjab Medical College, Faisalabad, 
Pakistan (1999-2000). 

American Board of Internal Medicine Certification : 

Board Certified in Internal Medicine 

Board Certified in Endocrinology, Diabetes, and Metabolism 
State Licensure : 

Diplomat, National Board of Medical Examiners, 1973 
Florida State Medical License 1974 - present 
Arkansas State Medical License 1978 - present 

Grants : 

1. National Institutes of Health Dental Research Scholarship--a scholarship covering 
all expenses leading to a Ph.D. degree (tuition, research, supplies, etc.) 1968- 
1972. The fellowship was utilized at the University of Arizona (Tucson, Arizona). 

2. National Institutes of Health Post-Doctoral Fellowship (1974-1976). This 
scholarship paid salary and all research expenses for two years of endocrine 
research. 

3. National Institutes of Health Biomedical Research Support Grant 5S07RR5350, 
Principal Investigator (1978-1980), $4,500. 

4. Intergovernmental Personnel Act (IPA) Award from the National Center of 
Toxicological Research, Principal Investigator (1979-1981), $140,000. 

5. National Institutes of Health Grant 1 F06 TW00905-01 . Senior Fogarty 
International Fellowship from John E. Fogarty International Center for Advanced 
Study in the Health Sciences (1984-1985). This Grant was utilized to learn new 
research techniques at the Diabetes Branch of the National Institutes of Health of 
France. 
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6. Research Advisory Group Grant from the United States Veterans' Administration 
entitled "B complex vitamins. Receptor through protein phosphorylation", 
Principal Investigator (1986-1987), $10,000. 

7. Dean's Committee Award for Outstanding Research. University of Arkansas for 
Medical Sciences for research entitled "Prohormone ANF factors: physiologic 
effects", Principal Investigator (1987-1988), $5,000. 

8. University of Arkansas Institutional Grant entitled "Three potential 
antihypertensives: Prepro atrial natriuretic factors", Principal Investigator (1987- 
1988), $6,000. 

9. Mr. and Mrs. Sam Walton Research Award from the University of Arkansas for 
Medical Sciences Foundation Fund for research entitled "Determination of 
whether prohormone atrial natriuretic peptides 1-30, 31-67, and 99-126 play a 
role in hypertension in the elderly", Principal Investigator (1988-1989), $7,200. 

1 0. Merit Review Award from the Department of Veteran Affairs entitled "Pro atrial 
natriuretic factors: Circulating levels and physiologic effects", Principal 
Investigator (1 989-1 992), $200,600. 

1 1 . National Institutes of Health Grant HL44868 entitled "Cardiac peptides in the 
control of blood volume." Co-investigator (1991-1995), $333,440. 

12. American Heart Association, Florida Affiliate Grant entitled "The role of ANF 
Prohormone in the Control of Blood Volume." Co-investigator (1991-1993), 
$80,000. 

13. Merit Review Award from U.S. Department of Veterans Affairs entitled "Pro atrial 
natriuretic peptides: Physiologic and therapeutic effects." Principal Investigator 
(1993-1996), $200,000. 

14. American Heart Association, Florida Affiliate Grant entitled "New cardiac 
peptides - Proatrial natriuretic peptides: Physiologic and therapeutic effects." 
Principal Investigator (1993-1996), $80,000. 

15. American Heart Association, Florida Affiliate Grant entitled "The role of the heart 
in physiological control of the Gl tract". Co-Investigator (1993-1995), $80,000. 

16. Merit Review Award from U.S. Department of Veterans Affairs entitled "Pro atrial 
natriuretic peptides: Physiologic and therapeutic effects". Principal Investigator 
(1997-2000), $270,885. 

17. American Heart Association, Grant-in-Aid entitled "Treatment of congestive heart 
failure with new atrial natriuretic peptides". Principal Investigator (1997-2000), 
$110,000. 

18. National Institutes of Health Grant entitled "Secretion and renal effects of cardiac 
peptides". Co-Investigator (1999-2003), $532,150. 
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19. American Heart Association Grant-in-Aid entitled "Treatment of congestive heart 
failure with new cardiac hormones". Principal Investigator (2000-2002), $120,000, 

20. Merit Review Grant from Department of Veterans Affairs entitled "Role of ANP 
and its receptors in stomach function and disease". Co-Investigator (2000-2003), 
$353,800. 

21. Darren Manelski Foundation (NY, NY) "Four cardiac hormones effects on the 
growth of human pancreatic adenocarcinomas in whole animals". Principal 
Investigator (2003-2004), $48,000. 

22. Merit Review Grant from United States Department of Veterans Affairs "Role of 
ANP and its receptors in stomach function and disease". Co-Investigator (2004- 
2007), $495,000. 

23. Merit Review Grant from United States Department of Veterans Affairs "Adult 
stem cells in mouse models of neurodegeneration". Co-Investigator (2005-2008), 
$706,300, pending. 

24. Merit Award from United States Department of Veterans' Affairs entitled "Four 
cardiac hormones: Regulation of normal and abnormal growth". Principal 
Investigator (2005-2010), $750,000, pending. 

25. National Institutes of Health Grant entitled "Novel treatment of cancer with 
cardiovascular hormones". Principal Investigator (2005-2010), $1,812,500, DK1 
ROI CA1 1541 1-01, pending. 

26. American Heart Association Grant-in-Aid entitled "Cardiovascular hormones: 
Treatment of primary malignant heart tumors". Principal Investigator (2005-2007), 
$120,000, pending. 

Professional Societies : 

American Association of Clinical Endocrinologists 

American College of Endocrinology, Fellow 

American College of Physicians, Fellow 

American Diabetes Association 

American Federation for Clinical Research 

American Medical Association 

The Endocrine Society 

International Endocrine Society 

International Society for Chronobiology 

New York Academy of Sciences 

Society of Experimental Biology and Medicine 
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Southern Society for Clinical Investigation 
Honor Societies : 

Sigma Xi. North American Research Honorary 
Teaching : 

Internal Medicine attending four months/year (1978-2000); one month/year 2000- 
present. 

Endocrinology attending five months for in-hospital consults, 12 months per year in 
endocrinology and metabolism clinics. 

Didactic Lectures on Internal Medicine for Junior Medical Students (a separate course 
from the teaching given on Internal Medicine attending rounds). 

Medicine Grand Rounds and Postgraduate courses, mainly teaching at American 
College of Physicians postgraduate courses. 

Clinical Correlation Course in Pathology for sophomore medical students (University of 
Arkansas for Medical Sciences). 

Physical Diagnosis - a ten-week course for sophomore medical students of five 
hours/day instruction on history and physical examinations (University of Miami and 
University of Arkansas for Medical Sciences). 

Endocrine Emergencies Course for Critical Care Nurses (University of Arkansas for 
Medical Sciences). 

Dietary management of Diabetes Mellitus for dieticians (University of Arkansas for 
Medical Sciences and University of South Florida For Health Sciences). 

Diabetes Insipidus and Inappropriate ADH Secretion for Anesthesiology Department. 

Medical Housestaff Orientation Lectures in Endocrinology and medical housestaff 
noon-time lecturer in Endocrinology (throughout the year at University of Arkansas for 
Medical Sciences, at Tampa General Hospital, and James A. Haley Memorial Veterans 
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Backgrounds A farfiily of six hditnones, i.e., atriarnatriuretic pe^ide/, brainMatioujpetrG 
Peptide, (^natriuretic peptide, long acting natriuretic; peptide, vessel dilator, and 
kaHuretic peptide's imain known biologic properties; are sodium andwater excreting and 
blood pressure lowering. 

Methods 1 -|xM concentrations, were 

evaluated for theiV . ability to decrease the number and/or proliferation of breast 
adenocarcinoma cells in culturevfor 24, 48, 72, and $6 hours, 
Results: Within 24 hours, vessel dilator, long: aciing natriuretic peptide, kaliuretic 
peptide, atrial natnuretie^ 

their infraceliular media;torisyolie^MP § 01 decreased the number of breast 
adenocarcinorna eells;60°4 and m f/d, respectively. There wasnp.tany 

proliferation in the three days following this decrease in breast adenocarcinorna cell; 
number. These same hormones decreased; DNAisynthesis 69?/o to 85%^ (P<O.0Oi). BNP 
and CNP did. not decrease the numberof breast adenocarcinoma cells or inhibit their 
°NA synthesis. Vessel dilator, long acting natriuretic; peptide,; kaliuretic peptide and 8- 
bromo^yolicGlvlP (each at 1 uM) decreased the number; Of cells in the S phase Of the 
cell cycle by62%, 33%,. 50%, and39% ? respectively (all P<O.05). Natriuretic peptide 
teeeptdrs-A and C were present in the breast adenocarcinoma cells. 
Conclusions: Four peptide hormones, significantly de.crease.:tbe f nu of human 
bre:ast\a.denoea:rOinomaf cells; within 24 hours arid ihnlit#§ iretifirafJ^n of these ceil* 
for at least 96 hours. Their mechanism of doing, so involves inhibition of DNA synthesis 
and decrease in cells in the S phase of the cell cycle mediated in part by cyclic GMP. 
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Atrial natriuretic peptides (ANPsJ.donsistof a family ofpeptides th by 
three different genes then stored as three>different prohormones [i.e>, 126 amino acid 
(aa.) 1 atrial natriuretic peptide (ANP), 108 a.a. brain natriuretic peptide (BNP), arid 126 
a,a. G-type natriuretic peptide (SNP) prohormonesM1,-3]. Within: the 126:a.a. ANP 
prohormone are four peptide hormones whose mairi known biologic-properties are 
blood pressure- regulation and maintenance of plasma volume inanimate [4.-10] arid 
humans [11-13], These peptide hormones, numbered by theira.a. sequences, beginning 
afcthe: Nrterrriinal end dfthe ANP :proho;mij©ne, consist €>f«first30 ,a.a, of the 
prohormone i.e., !ong ; acting nafriuretic peptide (LANP), a.a. 31-67 (i.e., vessel dilator), 
aa. 79-98 (kaliuretic peptide) arid mU> 9.9-1/26 (ANP) [3 V 1 4]l The gNP and ONP genes, 
on the other hand, appear to. each Synthesize only one peptide hbrrhone Within their 
respective prohormones, i.e., BNP and CNP [2,15,16]. Each ofthese.peptide hormones 
circulates in healthy humans with vessel dilator andi l^ in plasma 

being 15- to 20-fdld higher than ANP, BNP arid CNP [17-23]. 
l^ihaMre^ 

m^miic^B^meiam 'ANP4eei^§e^&'ci^niib^r^human pantfie^Mf&ft^W^fi 
cells in culture by 65%, 47%, 37%, and 34%, respectively, within 24 hours [24]. This 
decrease was, sustained WK^^ 

in the three days following this decrease in, nurnherr[24]. ANP has. also been reported to 

debase fne fa 

peptide hormones' decrease in pancreatic adenocarcinoma cell number and 
antiproliferative effects; included a 83% or greater inhibition of DNA synthesis but not 
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owing to enhanced apoptosis, i.e.* programmed cell death [24]* One.of the known 
mediators j of these peptide hormones' mechanism(s) of action, i.e., cyclic GMP inhibited 
DNA synthesis in these,{adenoearcinoma cells by 51% [24]. When the four peptide 
hortnoiies synthesized by AN P gene are given subcutaneduslyv^ for 
oneweek in athymic mice with human pancreatic adenocarcinomas, these peptide- 
hormones completely stop the growth of these adenocarcinomas [26]. three of the four 
peptides decreased the yolumeofthe human pancreatic adenocarcinprnas by 49%, 

anci 1 1 % vvhfie aft the samMime^ 
placebo-treated animals increased 20-fold [26]. 

The present investigation was designed to djeterrnine if these four peptide 
hormones' effects are specific to pancreatic adenocarcinomas Or whether they . might 
decrease the number of adenocarcinoma cells from an adferjocafcinoma that arose in a 
different site» i\e v breast. This investigation ihcbrporates the atrial peptidds made by all 
threevgenes within the heart, !i!e\ the ebove fdur peptide hormones plus BNP and CNP. 
When the four peptide hormones from the ANP gene were found to cause a significant 
decrease in the numbenof breast adenocarcinoma cells, it was investigated whetherthe 
mechanism(sj of fhls;de.crease in the number of breast caneer cells and the abllity of 
thes^ p^ffdes to inhibft furt 

number was owing to inhibition of.DNA synthesis. It was then determined if they 
influence cell cycle progression. 

Breast Adenocarcinoma Cells. A Cell line (ATCC number iGRL-2327) of human breast 
adenocarcinoma cells was: purchased from the American Type Cu|tu.re ; Association 
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(ATCC), Manassas, VA. This breast adenocarcinoma cell line was derived in 1995 from 
a 49 year old Caucasian female who harbored a homozygous deletion in exon four of 
the fragile histidine triad (FHIT) gene [27]. The FHIT gene, which spans the fragile site 
3B (FRA3B) fragile site atchromospme 3p 14;2, is a candidate tumor su 
in breast cancer [27], There Was, a familial history of breast cancer with this cancer 
being, present in the maternal grandmother. 

Culture, of the Breast Adenocarcinoma Cells. Propagation of these Cells was in 
RosWeir Park Memorial Institute (RPMI) 1640 medium, with 2 mM/L-glutamine^adjusted 
with addition of 1,5 gfi. sodium bicarbonate, 4,5 g/fe glucose, 10 mM HEPES, 1. mM of 
IQ% sodlurtfeppu^^ ; 1p%%il bovjne ser^m ($igma Cbemicel 

Company; St, Louis, MO) at a^emperatufe of 37 P C as recommended by the ATCC. 
Cells were dispensed into new flasks with subculturing. every 6-8 days. The growth 
medium was changed every three days. 
Research Protocol 

After the breast- adenocarcinoma cells were subcuituned for. 24 hours theywere; 
then seeded to coverslips in 24 wellpfates (Nunclon™, Roskilde, Denmark), with 1 mL of 
theabove RPMI media, After 24 hours, wells were washed' twice with 1 mM phosphate 
buffered saline to. remove the fetal bovine serum; Remove! of serum was done to 
remove all variables (EGF, etc.) present in serumin order that interpretation of any data 
obtained would be straightforward. After 24 hoursof serum deprivation, media volume 
was reduced to 250 iA perwell with ox without the respective: pept^^^ at their 

1-yM concentrations (peptide hormones were 1% of this 250 volume). The 
adenocarcinoma cells were then incubated 1 for various periods of time (24,48,72, and 96 
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Hours). The number of breast adenocarcinoma ce^^ counted with a eell 

counter (Thomas Sciehtifte®, Swedesfeoro, Nd) evaluating ten fields o^f thesrhiGroscope 
slide at 40 x along the X-axis With an Olympus BHr2 microscope (Atlanta, Georgia). 
This evalua'tlon was repeated on six separate occasions w numbeV-of 
adenocarcinoma cells reflecting 60 dbseivations for each Of the groups, i.e., 60 
observations for controls and 60 obseryationsfin each of the: six groups with; the 
respective peptide hormones. The peptide hormones used in this investigation were 
: ^i^Piib&^P^m&^iSS^^ t : lr»C., , BelmOnt, California: 

Ifetemmallort ilMi^#^t|(ii|^-. To investigate .whether mese peptide hormones 
were inhibiting DNA synthesis, bromddeoxyurid'ine (BrdU) incorporation into the 
adenocarcinoma cells was; utilized. B'rdU was from Bli ,r Bios.Gience, San: Jose.^ Califomiav 
DNA synthesis and doubling of the genome take pla^fiMRg^^ phase 
[28,29]. BrdU is a thymidine analog, incorporated into nuclear DNA during the S phase 
of the cell cycle [28-31]. After 24 hours in culture with 1 \iM of LANP, vessel dilator, 
kaliUretjc peptidei ANP, BNP, or GNP, respectively, or with no peptide' hormone (i.e., 
control), BrdU in a;Tinal concentration Of 10 p.M in the cell culture medium was added for 
45 minutes - Which is the time in Which the cells are in the logarithmic phase of ceil 
proliferation,:^ 

Dickinson immurtodytochemistry Systems* %h v dos& . ^aliferniai ^s utiliasdy 

The incorporation of the BrdU stain into the nucleus was counted using a Nikon 
Inverted DiaphOt-TMD Microscope (Tokyo, Japan); The number of stained nuclei were 
compared in the six peptide hormone groups to the positive control group. The negative 
control for these studies was provided by Becton Dickinson Immunocytochemistry 



Systems (San Jose, California). To investigate DNA synthesis, BrdU inooiporation by 
immurtoehemlstry has been deMonstrated to be equally good as 3 H-thymidine 



Cyclle^MP Cyclic G|y1P is one of the khovyh mediatory of 

the previously-described biologic effects of these peptide hormones :[4,32,33]. All four of 
these peptides synthesized by th e AN P generinduced vasodilations: o 



/ increased cyclic GMP concentre 



activity [4,32,33]. VMe have previously shown that each Of these peptide; honnones 
increase cyclic GMP while simultaneQusly dilating vasculature.! [4].> 8Tpr0m.o^cyc!ic GMP 
j;gp#d4#s?th:ese yas 

mechanism of these peptide hormones' ability to inhibit DNA synthesis, in breast 
adenocarcinoma; cells, #bMm^ 

cyclic GMP, Sigma Chemical Co., St'. LdUis v M&sb*i#^ 8-bromd-cyClic GMP 

is a^ellrpermeabje analog of cyclic/CMP. 

Cell Cycle Analysis, Cell c^^^ . 
cytdmeter FACScan UsingpMod: FitlP : software (Becton Dickinson , iMounteifr View, CA) 
after the respective peptide hormones and cycfic/GMP (each. at 1 yM) were incubated .at 
37°C for 48 hours withthe human breast adenocarcinoma cells (1x1'0 6 cells in each 
group), f bMpPill cyclic 

bation:of the breastvadenoearcinoma :ei 



at 1200 rpmfor5 minutes. The supernatant was discarded and ice-cold 70% ethanol 
added for 30 minutes at4?C to fix the cells. These cells Were then eentrifuged at 2000 
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» fpm for 5 minutes and the supernatant discarded to remove fixative, these cells were 

resuspended in 1 ml of phosphate buffered saline (PBS, Sigma Chemical Co., St. Louis, 
Missouri). The adenocarcinoma cells were then recentrifuged at 2000 rpm for 5 
Winutes. This step was repeated twice more to remove the ethanol befbre the addition 
of 100 ng/ml of ribonudease (DNAase free, Sigma Chemical Co;, St. Louis, Missouri). 
Cells were lyzed using Triton-X-1,00. Then 50 jig/ml of propidium iodide (in PBS) was 
added and incubated Qverroght <1 2 hours) prior to analysis by flow cytometry, All flow 
cytometry studies were performed on 12,000 to 14,000 diploid adenocarcinoma cells 
counted by the flow cytometer. 

ANP Receptors in Breast Adenocarcinoma Cells. When it was found that these 
AN Ps decreased the number of human breast adenocarcinoma cells, it was then 
evaluated whether breast adenocarcinomas have ANP (natriuretic peptide receptors; 
NPR) receptors to mediate these effects since it has never previously been investigated 
whether breast adenocarcinomas have ANP receptors. Western? blots,of the NPR A- 
.anj^re^pto^ 

Western Blotting. Fi%imi©r©grams of protein e^£0<f$®M A breast adenocarcinoma 
cells, measured by. using the bicinchoninic acid (BCA) protein assay kit (Pierce; 
Rockford, IL), was loaded onto eachlane of a discontinuous Z.5/7.5% SSSsPAGE gel 
(Bio-Rad; Hercules, GA), separated by electrophoresis, iandrlhen transblptted onto a 

0.5 A in Towbin buffer. Blots were blocked for 1 hour at room temperature in a. 5% 
solution of dry milk and jtttenMncubated for 1 hour in a 5% solution of bovine, serum 
albumin (Fmdtic)n ¥; Fischer Scientific, Fair Lawn, NJ) in THs-buffired saline that 



7 

contained; a 1 :2J0D dilution 

terminus of the NPR*A;reeeptor protein (generously provided by Dr. David L. Garbed 
University of Texas Southwestern, Dallas, TX) or containing, Tris buffered saline with a 
1:400 dilution antibody to the NPRrG reeep^ 
Japan). After being 5#ashiediw^ 

for Vhour at room temperature in a. solution of dry milk with^a t:1#»ldilution of 
horseradish peroxidase conjugated, goat anti-rabbit IgG antibody (Amersham Life 
Sciences, Arlington Heights, IL), After a second washing with Tris^buffered saline, the 
bands were identified by enhanced chemiluminescence reagents (ECL Plus Kit; 
Amersh|rf |^ 

luminescent image analyzer (model bA^diHI; Fujifilm, Tokyo, Japan). Specificity was 
revealed by the- presence of a signal in rat lung (positive control) and absence of a 
signal with normal rabbit serum, rabbit IgG, and after preabsorption of the NPR-A 
antibody with NPR-A protein or preabsorption of the NPR-C antibody with NPR-C 
protein. 
RESULTS 

Decrease in Number of Breast Adenocarcinoma Cells by Four Peptide 
Hormones Synthesized by the ANP Gene. The number of breast adenocarcinoma 
cells after 24 hour^witho^ 3 
cells per high-powered field when ten fields of the^coverslip were evaluated at x 40 
along the x-axis with an Olympus BH-2 microscopei This evaluation was repeated on 
six separate occasions with the above number reflecting sixty observations of the 
number of control adenocarcinoma cells and sixty observations -of each; of the s^ 
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groups with addition of one of ithe cardiac hormones (Fig, % The addition of 1 pM of 
LANP for 24 hours decreased the number of adenocarcinoma cells to52± 3 cells i.e., a 
3f % decrease £P<0.05) in the hurnlsr of adeno c§ll|;with the LANP (Fig f 1). 

Vessel dilator at .1 for 24 hours had an even more dramatic decrease (60% ; 
P<0 001) in fhe number of thesevadenoearcinoma Cells (Figure 1). Vessel dilator 
decreased the nu mber of cancer cejisfrom 75 ± Sceiis to 30 dh 2 breast 
adenocarcinoma c^lls. Kaliuretic peptideat 1 fiM for 24 hours decreased the number of 
breast adenocarcinoma cells 27%>(P<0:05), i.e., to 55 ± 3 adenocarcinoma cells (Fig. 
1). 

The number of breast adenocarcinoma cells in culture decreased 40% (P<0.01 ) 
when exposed to atrial natnUfetiC-peptide (1 \ifA) for 24 hbufsf(Fig. 1 ). BNP and CNP, 
each at 1: vM* only pftbi^asfc^ and 2%, 

respective^ Of incubation (hot significant). Thus, with respect to their 

ability to ihhibH the growth of adenocarcinoma cells when these cells Were exposed to 
identiral concentrations peptide hormones for 24 hours,: vessel dilator > 

ANP> LANP > kaliuretic peptide > CNP > BMP. When the numbier of cells was 
examined immediately after the incubation of the respective peptide hormones within 
the: Weils, there Was not any decrease in the number of cancer cells. In the Wells with 
decreased number of wells secondary to the cardiachormpnes, there was evidence of 
cellular debris. 

Decreased Cellular Proliferation flfte^ 

Cell, Number. When these breast adenocarcinoma cells were exposed for longer 
periods of time e.g., 48, 72, and 96 hours to vessel dilator, LANP, kaliuretic peptide, 



ANP, BMP, and CNP each at 1 |^M, there was a:near!iy Gomptete inhibition of 
proliferation of the breast adenocarcinoma cells after the decrease in the number of 
these cancer cells at 24 hours by the peptldSihirpiih^ gene (Fig. 2). 

i exposed to vessel dilsitof, LAfcJP, kaliiiretfts peptide and ANPfor48 hours 
the: inhibition of the number of cancer cells compared to untreated b.reastcance ( r cells 
was 60%.(P<OSmh 34%. 34% and 38% {P<0.05 for thejje:fireei|ii||ii 
respectively. At 72 houreanolfii^M, the decrease Sh number oii^asi 
adenocarcinoma cells secondary to vessel dilator was 58% and 51 % (P<0.001 , Fig.,'2^ 
LANP for 72 and 96 hours resulted in the number of adenocarcinoma cells being 
reduced 39% and 28% (P<§ .05 for both^compared to untreated adenocarcinomaf cells 
at these time periods. At both 72 and 96 hours, the numberof cancer cells with 
kaliuretic peptide present was decreased by 39% .^mpared to; Unseated 
adenocarcinoma cells (P<0.05 for each) (Fig. 2). The. number of .adenocarcinoma cells 
at 72 and 96 hours decreased secondary to ANP 38% and 32% (P<0.05 for both) 
compared to the number of adenocarcinoma cells at these same time periods without 
the addition of any peptide hormohe (Fig. 2). Thus, proliferation was inhibited by these 
cardiac peptide hormones for three-days after the; initial decrease in cell number in the 
first 24 hours (Fig. 2). There was not any increasein proliferation of any of the cancer 
cells when exposed to these four peptide hormones for 1 , 2, and 3 days after the initial 
decrease in number of the breast adenocarcinoma cells; within the first 24 hours, There 
was no significant decrease in breast adenocarcinoma number secondary to BNP or 
®k!F ' at48, 72* or 96 hours (Fig. 2). 
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Cyclic <3MP Decreases Breast J^fen^ GMP -at 1 p.M 

decreased the number ofnuman breast adbnoramihema; eeils 31 hours (Fig. i J. 
The decrease in number of human breast adenocarcinoma cells at 48, 72, and 96 hours 
was 36%, 34%, and 36%, respectively (P<0.05 at all time points compared to control) 
(Fig. 2), 

Inhibition of DNA Synthesis by Four Peptide Hormones. To help deterrnihe the 

mechanism of the adenocarcinoma cells' decreasenn number and decreased cellular 

proliferation by the four peptide hormones which ;decrea^ 

adenocarcinoma cells, >we next investigated whether their effects were due to an 

inhibition of DNA synthesis as they have been demons'trated to decrease DNA 

synthesis in pancreatic adenocarcinoma cells [24]. Vessel dilator, LANP, fcaliuretic 

peptideahd^ 

incubated with adenocarcinoma; cells for 24 hours by 85%, 76%, 69% and 71%, 
respectively (P<0.001 for each) (Fig. 3). There was no significant decrease in DNA 
synthesis in the breastadenocarcinoma cells secondary to BNPor GNP (Fig. 3), 
Cyclic GMP Inhibits DNA Synthesis in Adenocarcinoma Cells. To help define 
the mechanism(s) forthese peptide hormone's ability to decrease DNA synthesis, one 
of the known mediators ottbese p^pflie? biologic ^effects, i.e. , cyelie GMP [4,32,33] was 
investigated to determine if it could inhibit DNA synthesis in these same breast 
adenocarcinoma cells. 8-bromo cyclic GMP decreased: DNA synthesis in breast 
adenocarcinoma cells by 54% (P<0.01) at its 1 ^M concentration (Fig. 3). 
Cell Cycle Arrest of Adenocarcinoma Cells W^Sl^M^§S^^^\ cycle 
progression wasdiretfly affected by several of tho natriuretic peptides, The majority of 



the - natriuretic peptides had their strongestmodification of cell cycle- progression in the S 
phase of the cell cycle. Vessel dilator decreased the percent of cells in S phase by .62% 
(P<G.0i) while ;ka|iuFetic peptide decreased the percent; of cells in S phase: by 50% 
(P<;0:01j (Table t). LANP and 8*bromo cGMP decreased the percent of cells in S , phase 
by 33% and 39% respectively (both significant at P<0.O5) pable 1 ). ANP and C.NP 
decreased percent pf cells in the S phase but their decrease did not xeaeh statistical 
significance. BNP had no effect on the S phase or any other portion of the cell Cycle 
(Table 1 ). ANP caused a 40% decrease in the G2-M proliferative phase (P<0;05). ANP 
was the only natriuretic peptideto decrease the percentjof cellsjn the G 2 rM phase of 
the cell cycle. There was an accumulation of cells in the GorGi-phase secondary to 
yesserdHatorrMNP, kaliuretic peptide and ANP (alj ^at. P<0.O5; Table 1), Vessel dilator, 
which Caused the largest decrease in cells in the S phase, had the lar^iesf aecumulation 
of cells in the G 0 -Gi-phase (Table 1). None of the. nafriurettepeptide affected the G2-G1 
phase of the. cell cycle. Each of the peptide ho TOOnes except ; BNP caused ;an increase 
in cellular debris when examined by floW'cytOrnetry,(Table I 1 arid Fig. 4). In figure 4, 
where control, 8-bromo-cyclic GMP and ANPs' treated: breas^adenocarcinoma ceils 
evaluation by flow cytometry are illustrated, one bte^^ S phase of the cell cycle, 

i.e., the second peak, was decreased'in the LANP, vessel dilator, kaliuretie; peptide, and. 
8-brornoTcyclic GMP-treated bells compared to the. control flow cytometry curve;. There 
was not .a decreased second peak in the BNP treated cells. One also observes in Fig. 4 
that G^-M peak (i.e., third peak) was decreased in the ANP treated cells compared to 
the control and.;allof the^other natriuretic peptide treated' breast cance r cells; 
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NPR A- and C-Receptors are Present in Breast Adenocarcinoma Cells, It has never 
previously .Been investigated whether breast adenocarcinomas have NPR- A and -C 
receptors. When the breast adenocarcinoma cells were; evaluated by Western blots, 
natriuretic peptide receptors (NPR>A and C were dernorjstratetl to be present (Fig. 5). 
DISCUSSION 

This Investigation is the? firsteyldenee>that vessel dilalOr, ANP, LANP and 
kaliuretic peptide can decrease the number of breast adenocarcinoma cells. All four of 
these peptide hormones have been investigated fgrtheir effects on only one cancer 
$piois|pe^ . 
human pancreatic adenocarcinomas with each of the four peptide hormones 
synthesized by the ANP gene decreasing the number of human pancreatic 
pienel&FjIn'i^ 65% [24]. Thus.tnese peptide 

hormones significantly decrease the number of adenocarcinoma cells whether breast or 
pancreas is the original site of their development. The present investigation indicates, 
therefore, that these peptide hormones are not specific for p^i^0l^i$^m^W^m.- 
and suggests that since they decrease the number of adenocarcinoma cells from two 
different sites that they may dejcr^asethe number ofa'iin'^minQ'ma'^il^lrTe^'pe'eliisP 
of the site of origin. The ability of these peptide hormones to d^etse#e number of 
^^W^^^^^S^^9f& implication^) for adenocarcinomas at other sites in the 
body with the majority of cancers of the lung, colon and prostate also being 
adenocarcinomas [34,35]. 

1M!M#fl^ and &NP on any ^S^TP^i^MW^W 

these peptide hormones had any significant effect on the number of the breast 
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adenp.careinoma;celis< Thus, the effects on breast adenocarcinoma; cells appear 
specific for the peptide- hormones synthesized by Jhe atrial natlji^ioi|>e;pSide^ene;as 
the peptides -synthesized; by ithe^NP 
cancer cells. 

Vessel dilatOrwas the most potent Of these peptide hormones in decreasing the 
number of the breast adenocarcinoma cells. Vessel idiiator had significant <P<0,00f): 
effectswithin 24; ho^f5i^(^^ cells); and 

inhibited,any .further proliferation .of the adenocarcinoma cells !; from 24 to 96 hours 
(P«0;00% Vessel 'dilator alsosdeereased 33umah pjlj$ieif^^^ 

the most [24] and decreased pancreatic adenocarcinoma tumor volume the most in vivo 

[26] suggestingrtha^ 
hprmohes. 

The other three peptide honriones , synthesized by th^A^P gene^ffects on 
decreasing/the ;*u^ cells; was significant,- however. At$f! ; 

natnuretic peptide decreased the number of breast adenocarcinoma cells at 24 hours 
(40% decrease), which is more^than; its ability to;decrease the number o%>ancreatic 

ability to decrease the number of adenocarcinoma celis at 24 hours was not as good 
with b^ast A aden@can3|nc!ma eejls 

{37%). Thus, there appears to be a difference in these peptide hormones' ability to 
decrease adenocarcinoma >cell number depending upon the site of origin of the 
adenocarcinoma. In the breast adenocard^^^ 

the number of adenocarcinoma ceils increased With time; With a 39% decrease at 12 and 
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9:6;ftoufs i^mpared td' its ability^© decrease the number of cancer cells at 24 hours 
(27%; P<G.05 at ?2 s and 92: hours compared to 24 hours). This delayed killing ability was 
not seen with the other peptide hormones in the present investigation. It should be 
noted that t'hefe was no decrease in the number-of cells when examined immediately 
after addition of the- respective vpeptid© hprmones indicating that the data obtained was 
notdUetoartifadiL It is also i^ to note thMt eeliula>'0^briS was present at 24 
hours in the peptide hormohertreated :breast cancer ceil cultures suiggesting that cellulaf 
necrosis was occurring. This was further confirmed in the cell cycle flow* cytometry 
studies where it wasrnoted that ceilular debris increased with cyclic GMP and each of 
the natriuretic peptides except BNP (Table 1). 

Each, of these peptide hormones inhibited 69% to 85% of the amount of DNA 
synthesis in these bTeasfradendcarcihoma cells. Thesis findings suggest that one 
important mechanism of action of these peptide hormones to inhibit cancer cell number 
and their prolifemtpsh is vj§«ligif M^^W^0i^mMeW^^ this finding is^sirnllarfe: 
the ability of these peptide hormones to inhibit DNA synthesis in pancreatic 
adenocarcinoma cells <[24],but considerably more significantjnan^fslP's ability to inhibit 
DNA synthesis in hepatoblastoma cells (-22%) [25]. 

With eesj^t^ 

. syhihesis^ one df the second messengers: of their biologic iWects, iie., cyclic GMP 
[4,32,33] was found using 8-bromo cyclic GMP to inhibit DNA synthesis up to 54% in 
the bFeastadendcafeinoma ceiis. Cyclic GMP affected cell dydle progression in the 
same phase of the cell 1 cycle where the natriuretic peptides had their major effect, i.e., 
the s or synthetic phase of the eeiircyele. 8-brome cyciic GMP mimiekirig?the ;effects of 
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these peptide ho)p<?he;^fr GMP 
is one of the mediators of these peptide hormones' ability to inhibit QNA synthesis in 
(area&ageageai^oiria cells. The concentrations of cyclic GMP that inhibited DNA 
synthesis in the adenoeareinomacells are identical to the concentrations of cyclic GMP 
measured within tissjuee ^condary to these peptide hormones Further evidence 
that the cyclic GMP inhibition of DNA synthesis in breast adenocarcinoma cells may be 
important for these peptide hormones' anticancer growth effects is that when cyclic 
GMP was infused^ tomfagito^^ 

adenocarcinomas, it Jii^pj^^ #^^€EPlfete^ 0f^Afth of these adenocarcinomas compared 
to: placebo-treated adenocarcinomas [26]. 

To determine where in the cell-cycle these peptide hormones might -be effecting 
DNA synthesis, analysis of the cell cycle progression was examined by flow cytometry. 
Vessel dilator, LANP, kaliuretic peptide, and cGMP significantly decreased the number 
of cells in thaS phase (33 to 62%) with a concurrent accumulation of cells ;jn the G<rGi- 
phase of the cell cycle. Thus, ih.es© peptidedhtipohes and cGMP's main effects on 
DNA synthesis a%liM|ttfi^hejs^thetie S phase of the cell cycle [period of DN& 
replication] of adenccarcinomna cells with an increase of cells-l|i|e/resting (G0-G1)- 
phase. ANP was the only natriuretic peptide to decrease the percent of cells in the G2-M 
(mitotic) phase of the cell cycle which may account in part for its ability to decrease the 
numberfof h¥imil.l]^st\adBnf)[ea^Cincma^wh1ie peptides with similar structures (i.e., 
BNP and CNP) do not decrease the number of adenocarcinoma cells. Also contributing 
to the specificity of ANP versus BNP and GNP iS'toatthe presence of NPR-A receptor 
was demonstrated ita te present inve^galibn* 



ANP binds to this receptor with a stronger affinity thgn BNP or CNP [1;^1i6] and this 
ftQ0flfet|jft4)tofaelp*1b explain why ANP 1 bat not BN P or GNP de^r#a~£e the number of 
^denocarcihoma oifls. Since BN P and CN P have less; affinity for th rs. receptor they need 
to be present in a higher concentration than ANP^toJbjtnid to receptor and have biologic 
effects. BJNF* §nd CNP's lack of biologic effects in thesecancer cells with the knowledge 
that the NPR-A receptor is present in these breast cancer cells suggests that they are 
not activating this receptor in the adenocarcinoma while ANP is binding to and 
activating this receptor. 

;^^©f1ii|^t!de hormones had any effei^mihe,'^^^00^e0^m cell 
cycle. The data of the present investigation, which for$^^^: ; ^0^^1fm^m'- 
peptide hormones affect cell cycle progression suggests that vessel dilator, LANP, 
kaliuretic peptide and ANP may be cell cycle regulatory molecules. Likewise these 
peptide hormones' intracellular mediator cGMP appears to be a cell cycle regulatory 
molecule in adenocarcinoma cells. 

It is important to note as above that ANP receptors were presenMn the human 
breast adenocarcinoma cells to help mediate AN P r s effects. Both the A or active; ANP 
(NPR)-receptor and the C or clearance-receptor were present in the breast 
adenocarcinoma cells. This demonstration ofNPR receptors in breast adenocarcinoma 
cells helps to explain ANP's mechanism of action of decreasing ifla^adenoearCfnoJSie 
cells. To have biologic ejfecti, AWP has to bind to its active A-receptOr, which has 
guanylate cyclase within the receptor [14]. Activation of guanylate cyclase increases the 
intracellular mediator cyclic GMP, Which was shown in the present ihvestlgatiomto 
decrease cell cycle progression itself and to decrease breast adenocarcinoma cell 
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number within 24 hours. It is of interest that the breast adenocarcinoma cells have 
developed an NPR-C receptor to clear ANP out of the cell and, thus, decrease ANP's 
effects. It will be of interest in the future to evaluate aggressive breast adenocarcinomas* 
versus less aggressive; breast adenocarcinoma to deterjnineif the more aggressive 
adenocarcinomas may lack the NPR-A receptor similar to finding that the more 
iifgipssive breast ademocarcinomas^of en liokieslEogen &nd/or projesteie^ receptors 

[36]. 

Although normal human breast.tissue has not been examined for the presence of 
atrialnstiur^^ - 
ANP receptors in the secreting tissue and larger blo&d ^Sfels #ffcre rat mammary 
gland [37,38]. Unlabeled CNP in this model displaced 30% [ 125 l]r ANP binding 
suggesting that NPR-B xeceptif f|ty be present in rat mammary gland [38]. Since CNP 
had no effect in the present investigation and CNP preferentially binds to the NPR-B 
receptor, this^ould suggest that the NPR-B receptor was not present in the human 
breast adenocarcinoma cejls ; .#i^,^ii|9|ent investigation. 

Breast cancer is the leading cause of death in women in the United States and 
Western Europe,[36]. In one of every nine women born in the United States, breast 
cancer will develop during their lifetime [36]. On the basis of the concept that breast 
cancer is frequently already a systemic disease afcthe time of diagnosis in many 
patients with stage I and, especially stage Ihdisease having mlcrometastasis atiime of 
diagnosis.} the current standard of care is the early administration of systemic therapy 
(i.e., adjunct chemotherapy) for breast cancer ,[36£ The^has been an.4ncreased risk of 
leukemia with some of these ehemotherapeutic regimens [36]. Tlfie data of the present 
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investigation that these peptide hormones decrease the number of breast 
fdSnoGarcrnbma cells suggests that these peptide hownones, either used alone or in 
combifiation mMhtbe m§m$&$# 

for primary breast cancer since they do not cause leukemlfKiOf: al^seiconG^iry tumors. 
These peptidei hormones wniGh?cir^late normally in the human body [1 8-23] have no 
;kno\Am e^O)iie effects to normal cells [24] and only one known side effect [4-16], This 
sideieffect, i.e., hypotensions rpsosnly been jobseiveo* with ANP atid BNP and never 
With vessel dilatory IAN P, or kaliilretic peptide [4-1 6]. These last three peptide 
hormones with the best safety profile also decrease adenocarcinoma cells in vitro ■.■the* 
most (24 and presenfeinvestigation) and decrease'iil^Ofaireihoma tumor volume /n 
^^$^iii^^lS^i^P^. [26]. 

In addition to present adjunct chemotherapy for breasteadenocarclnomas causing 
a small incidence of leukemia, presently utilized chemotherapy very commonly causes 
. toxicf^. to &e$MM$f&^ea, vomiting, alopecia, and myelosuppression [36]. 
Permanent ovarian dysfunction is an important lon§4e)W side effect that occurs in many 
premenopausal patients with present breast cancer chemotherapy treatment [36]. None 
oMhese toxicities occur with the respective ANPs [11 -14]. Theidatasof ftrre< : pesjej?t 
investigation plus the knowledge that these peptide hormones lack the above side 
effects; suggests that they may be useful as adjunct chemotherapy for primaJFtereast 
cancer. 

When breast cancer becomes metastatic, systemic therapy is the current state-- 
mmm^^^MW^^f WW^0SM principle in the management of patients With 
disseminated breast cancer is that cure is not possible with current treatment 
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modalities, so optimal palliation with the least toxicity is the primary therapeutic goal 

[36]. Since the peptide hormones that were demonstrated to. have anticancer effects: for 

breast cancer in; the preserit.investigation have less toxicity ^han all of the curreritly 

utilized anticancer phemotherapeutic agents as outlined above, u§jh^ . 

thesfefpepMe Ho^ atf|uh^^^^ brderio 

decr^ase#eir#*% 
i&ar^sor^ 



20 

REFERENCES 

1 . Rbsenzweig A, Seidman CE. Atrial natriuretic factor and related peptide hormones. 

AnmRev B/ochem 1 991 ;6Q:229-55: 
2 Gardner DG, K^vacje-MiliyojevicBK, Garmai M. Molecular biology of the natriuretic 

peptides, itn: Vesely DL, editor. Atrial? Nattiar&ticPepti^^ India: 

Research Signpost; 1997; pp: 15138. 
3y ; Vesely DL.At$al^ 

diseases that upregulate its expression. IVBMB Life 2002 ;53: 1'53-9. 

4. Vesely DL, Norris JS, Walters JM, Jespersen RR. BaeyensDA. /Atrial natriurelfc 
prohormone peptides 1-30, 31-67 and 79-98 vasodilate the aorta. Bbcftem 
BiophysRes Commun 1987; 148: 1540-8. 

5. Martin DR, Pevahouse JB, Trigg DJ, Vesely DL, Buerkert.J E. Three peptides from 
the ANF prohormone NHHerminus are i^triuretjfe^ Am J Physiol; 
1^0po$#liOlMN|M 

6. Gunning ME, Brady IHR, Otuechere G, Brenner BM, Ziedel ML. Atrial natriuretic . 
peptide (3 i -67^ transportln rabbit^inner m^e'du 

Rple of prostag)andin:E 2 . J GIfn Invest 1:9 V 92;819V141 1-1:7, 

7. BehjaminiBA, Peterebn TVV Effects of prOAftF (31 -67).ion sodium excretion in 
conscious monkeys. Am J Physiol 1;995;269:R1351-R1355. ; 

8. Zeidel ML, Regulation* olRc^ile^ngidait Na* feabSOrptibn by ANP'31-67 : ; Win €%p 
Pharmacol Physiol 1995; 22 : 121-4. 

9. Villarreal D, Reams GP, Tarabert A, Freeman RH. Hemodynamic and renal effects 
of prpANF 31-67 in hypertensive rats. Proc Soc Exp Biol Med 1 999-221 : 166-70. 



21 

■« 

10. Dietz JR, Scott DY, Landon CS* Nazian.SJ. Evidence supporting a physiological 
role for proANP (1-30) in the regulation of renal excretion. 4m J Physiol 

2001 ;280:R15:10-R151 7. 

11. Vesely DL, Douglass MA, Dietz JR, Giordano AT, McCormick Mt, RodriguezrPaz 
G, etal. Negative feedback of atrial natnutetic peptides. J0lmMndo.crihokM0tab 
1994;78:1128-34, 

12. Vesely DL, Dougjass MA, DietZvJR, Gower WlR Jr. MCGormiek MT, ModriguezrRaz 
G, et al. Three peptides from the atrial natriureticfactor prohormone amino; 
^rBiinustild^rb^ 

Ihumans. Wmalatiw. W&^1rt2£4®. 

13. Vesely DL, Dietz JR, Parks JR, Baig M^McCormick-MI, Cintron G, et al. Vessel 
-dilator enhances -sodium and waferexcretipniand.has^beneficial hemodynamic 
effects in persons, with congestive heart failure. Circulation 1998;98:323-9. 

1?4w Vesely DL Atrial Natriuretic. Hormones. Engleweod GliffoNJ; tymtim^M 1992: 

mm, 

15. Barr CS, Rhodes P, .S.trathers, AD.; Crtype natriuretic; peptide. Peptides 
1996;17:1243-51, 

1C Lainehbury J, Richards AM, Nicholls MG. iBrain natrjui:etie pe#tide,:in heaif failure. 
In: Vesely DL, editor. Atrial Natriuretic Peptides. Trivandrum, India:. Research 
Signposfc 1;997, p^ 151H3> 

17. Veseiy DL. Natriuretic peptides and acute Fenai'failure..^4^ 
;2003;285;FT67-F177. 



22 

18. Winters CJ , Sallman AL, Baker BJ, Meadows J, Rico DM, Vesely DL The N* 

liirlniiag'a^ 

terminus of the atrial natriuretic factor prohormone each elrcqtate in humans' a^ 
increase in congestive heart failure. Circulation 1 989;80:438-49^ 

19. Vesely DL, Norsk P, Winters CJ, RicO DM, Sallrrian AL, Epstein M. Increased 
release of the N-terminal and C-terrriinal portions of the prohormone of atrial 
natriuFetiefaetor during immersion-induced central hypovolemia in normal 
humans. Proc Soc Exp Biol Med 1 989; 1 92:230-5. 

20. Hunter EFM, Kelly PA, Prowse C, Woods FJ, Lowry PJ. Analysis of peptides 
derived from pro atrjal natriuretic peptide that circulate in man and increase in heart 
disease; Scan J Clin Lab Invest 1998;58:205-16. 

21 . Franz M, Woloszczuk W, Horl WH. N^etjfrainal fragments dftie prof trial natriuretic 
peptide in patients before and after hemodialysis treatment. Kidney Int 

2iiii^iif^8,. 

22. De Palo EF, Woloszczuk W. ,Mer»eghetti M, DePalo CB, Nielsen HB, Secher NH. ; 
Circulating immunoreactive proANP (1-30) and praANP (31-67) in sedentary 
subjects and athletes. Clin Chem 2000;46:843-7. 

23. Franz M, Woloszczuk W, Horl WH. Plasma concentration and urinary excretion of 
N-terminal proatrial natriuretic peptides in patients with kidney diseases. Kidney Int 
2001^59: 192&-34. 

24. Vesely BA, McAfee Q, GowerWR, Jr, Vesely DL. Four peptides decrease the 
number Of human pancreatic adenocarcinoma cells. Eur J Clin Invest 2003;33:998r 



25. Rashed MM, Sun H, Pate! TB. Atrial natriuretic peptide inhibits growth of 



^epato/ogy 1993;1 7:677-84. 

therapeutic approach for cancer using four cardiovascular hormones. Eur J Clin 
/nves? 34:674-82, 2004. 

27. Ahmadian M, Wistuba II, Fong KM, Behrens C, KodagodaBR, Saboorian MH, et 
ah A1ilp|.«3^m 

preneoplastic lesions, and familial breast cancer probands. GanperRes 
1977;57:3664-8. 

28. Gi^t^er HGw^ 

reagent for detection of jftlsiA replication. Se/ertce 
W. ' *u . Gi©VV, VWoods ^L, LevisoniM. the assessmentof cellalar projifW 

immunohis^tochemistry: a review of currently availab;ietmeth6ds,< and<their 

applications. Histochemical J 1992:24^:121-31 . 
30. Morstyn G, Pyke K,;Gardner.J, : AshcrOft,R, deFazio A, Bhathal 1% 

bramodeojparidta^ 



31. Qin Y, Williams G. Comparison of the classical autoradiographic and 

□dswithlB^ pararneter§ in 

colon cancer. AnticaneerRes 1993:1 3:731-6. : 



* 

32. Waidman SA, RapoportRM, ftfarad F. Atrial natriuretic factor seleiictlveiy activates; 
imernbranotjs guan^^ 

mem w^mm&m* 

33. I^sely^it;^ 

guanosihe-3'5' monophosphate system by hormones and 1 free radicals. Am J Med 

34. Pitchurhoni CS. Pancreatic disease. In: Stein JH, editor, Internal- Medicine. St 

mm i^d$; iiS&pj* 

35. Wolff RA, Abbruzzese JY, Evans DB. Neoplas^of ^ pancreas, In: 
Holland JF, Frel III E, editors. Cancer Medicine-. London, UK: BC Decker Inc; 
2fJ03;pp, 1585r16i4; 

36. Pspome CK. Bfeast cahcei:. Ih: Siteih JH, m^JffiM M8dieine,M : Louis- 
Mosby; i998;pp. 70643. : 

37. Pelletier G. Localization of binding sites for ANF in the rat .mammary gland. 
Peptides 1 937;9:673-5. 

38. e.vek;K,;Ridde Functional rreceptdre fdf. atrial natriuretic 
pep|deflf#t:i^ ' 



:l 



25 

Fig, 1. Decrease, in human breast adenocarcinoma cells after 24:houf exposure to 1 nM 
of long acting natriuretic peptide (LANP), vessel dilator,, kaliuretic peptide, atrial 
natriUretiG:peptide (ANP), brain natriuretic peptide (BMP) and ©^ype^aitriciretie peptide 
(CNP). The decrease^ in breast cancer ,cells ? was significant at PO.-0O1' with vessel 
dilator, P<0.01 With ANP, and a P<0i05 with kaliuitetic.peptfdaandiLANP when 
evaluated by re|>eatedjanalyjsiSi;of wri no significant 

decrease-in brea^t adenoCarcinorna celt nurnb;ef; §l^$a§fito BNP'OrGNP when 
evaluated by ANOMA: Wh'e decreas&ih number, o{(breast:aden0cafdft©mavcells; 




secondary to any of the other natriuretic peptides, when evaluated by ANOVA. 8-bromo- 

cyelb GMP induced decrease in ;b^ 

when evaluated by ANOVA. (n=60 for each group) 

Fig, 2. Time course of decrease in.hqman breastadfcneearcinoma celKnurnbar with 1 
0t M ^§s;sjej;$$^^ 

;C4^atiai(r^ I§i£ ' 

natriuretic peptide (lli), respe^v^yjia^ i jiM; ^s^pp^il^ 

placebo-treated (O) adenocarcinoma cells-. Iheieicmasjaih) 

ANP, LANP, 'l^l^^000k^M^^ ! il^^^^^^^!^^W^^^^1^^^ 
secondary to vessel dilator was significant atiP«50:(jGit at each tirme-rpoint compared to 
placebo when evaluated by repeated analysis of variance (ANOVA). There was no 
significant decrease in breast adenocarcinoma cell number with either BNP or CNP 
when evaluated by repeated ANOVA- (n=?60 for each point irj each group) 



Fig. 3. Inhibition of DNA synthesis by vessel dilator, long acting natriuretic peptide 
(LANP), kaliuretic peptide, and atrial natriuretic peptide (ANP) in human breast 
adenocarcinoma cells. This inhibition of DNA synthesis is illustrated as the percent of 
DNA synthesis occurring with the respective: peptide homiones, each-at 1 pM;, versus 
the amount of DNA synthesis wfthou! the addition of any of these.; peptide hormones. 
The amount pf inhibition of DNA synthesis by eachfpf these; peptide hprrrip 
significant at P<0.001 When evaluated by repeated analysis of variance (ANOVA). & 
bromo cyclic GMP at its 1 n,M concentration inhibited DNA synthesis 54% in breast 
adenocarcinoma cells (P<0.01). BNP and CNP, each at 1 u.M, had nonsignificant effect 
on DNA synthesis when evaluated by repeated ANOVA. Each of the DNA synthesis 
experiments were performed in duplicate. 

Fig. 4. Cell cycle. analysis of human breast carcinoma cells under control conditions (A), 
after treatmenfwith long acting, natriuretic peptide (LANP; B), vessel dilator (0), 
kaliuretic peptide (D), atrial natriuretic-peptide (ANP; E), brain ; natnutetic peptide (BNP; 
F), C-natriuretic peptide (CNP; G); and cyciic GMB (R), eaclrat 1 uM for 48 hours. The 
first and Jargest peak (red) is G 0 -Gi phase of cell cycle. Second peak (blue vertical 
lines) = S phase. Third peak (red) is GrM phase of cell cycle'. As orie observes, vessel 
dilator, LANP, kaliuretic peptide, and cyclic GMP had theirstrongest modification of cell 
cycle progression in the S phase of the cell cycle. In this flowrcytometry 'evaluation, the 
area of the curve immediately preceding the Go-Gf peak reflects cellular debris. This cell 
cycle analysis was confirmed with the experiments done several weeks apart. 
Fig. 5. NPR A- and C-receptors on human breast adenocarcinoma cells. Western blot 
analysis with 1:25Q0 dilution of A035 polyclonal antibody dire.cted .against the COOH 
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terminus of the natriuretic peptide A-receptor (NPR-A) and 1:4000 dilution of antibody to 
the NPR-C receptor. The. upper graph demonstrates.the tslPR-A receptor inhuman 
breast adenocarcinoma (HCC) cells and the positive rat lung control (PANG), The lower 
graph demonstrates the NPR-C receptor at 66 kilo Daltons (kDa) in the human breast 
adenocarcinoma cells (HCC) and in positive rat lung (PANC) control. (These.Westem 
blots are-illustrative of the Western blots, which were performed three times with the 
same results.) 



~ 00 



c 



CL 
5 



©a 
po 



CO 



CO 



GLi 
O 



CL 
Z 



T"- CO 
00 :<o 



3 


cl 


•« 


-2?. 


rea; 


< 


o 




,'to 

e> 


o ■ 


j anal) 


15 ;© 


W 




15 
O 

© 


"55 o 
to 40 


© 


> t! 



CO - co 



••*ff 0> 



U5 
CO 



to 

id 



©J. ': 00 



CO CO 



f*r ■ CO 



' E 
I 



00 



CM o> 



CO U5' 00 o> 



CD CD CO CD 



CM 



CO :Oi :t~. 



co 



co 



CD 



co 

•*©J 
Q 



5 o 

IE <D 

© to 

•res co 



CD 
Q. 



m 

CL 

Z ■ 

o 

•tJ: 
Q. 

©: 



© 



& CO 



CD 
o 

13 

X3 

TJ 
E 
CO 

gl 

I 

,.P 



CD 
(0 
03 

I 

© 



■M 

1 

•5 



c 

_ © 
O 0) 



_ ©. 

-■S3 .ic 

© •£ 



I I 1 I 1 



c 

'2 

J3 
It 

£L 

m . 

CD 

.© 
so: 

© 

Gt 

©< 

1 

1 

. E 

16. 
W 

h 

, z : . 

< 

©** 
■g 

H. 
© 

■S 
w. 

2> 

3, 
'££ 

to' 

.C: 



c? | 

mi; •• 

& 1 

< •©■ 

3 :Oi. 



:.iO 

© 

•;0 
V 
GL 

G 

iS 

■c 



■ 3 

■a 

Jx" 
W 
'GU 
Z 
< 

i 

< 



i 

z 

■CO; 

22 

CO 

^©■' 



,co i§ 

:C .;03;. 



.3 
(0 

-,«8r 

;©' 

m 



■O. 



© 

© 

Hr- 
.© 

. 

Q. 

tor 
O 

x; 

CL 

or 

c 

o 

£ 

©1 
c 

"co! 
©• 
c< 
©: 
3; 

6' 

1 

e 
s 

JO 
00 



TJ 

© 

© 

b 



© id 



I- 

E 
03 



© 

i© 
O. 

2. 

■->> ■ 

TJ 

■ 4^: 
© 

3.- ■ 
© 

E 
© 

je.-: 



i©; 

ro 

-.E 

;©5 
■as 
^ 
to. 

■•©s 

6' 
M 
Q. 

1: 

1 f I 

i 

o 

E 



05 

:to- 
to: 

. i 

s © 

TJ ■■==' 

is ^ 

© £ 

S 1 I 

©. 



o 
to 

CO 

: o 

V 

EL 

© 

■4-" 

E 



II 3 



CO E 

©: ,p 

©; "g , 

& 8 



CD 

1 



Abbreviations 



ANP a^altnliilriii £ej$ie 

ATCG Ameifeam^ 

BNP IbjaJnj i^liii^ti€^e|^||g 

Brdu , jmmm@^i<^ 

GNP G%pe ; natnuret|Q pe^tiiie 

G<? centigrade 

Cyclic GMP cycji^ 

DNA :deo)tyribose nucleic aciel 

EGF :^pii^#r^#esii^lP^|p|^!r : 
Fig; ' %une; ' 

G/L gram- per liter 

G^mit^ 

G0-G1 G 0 , resting phase of cell cycle 

mM/L milli' moles per liter 

NR&A natriuretic, peptide reeeptor-A (active) 

NPPoC natriuretic peptide re.ceptor-G (clearance) 

% percent 

RPMI RoseweH Park Memorial Institute 

rpm revolutions^per minute 

s s^rl!^^ph^§ :: if ^):':cple 

MP Shadyside Hospital', Pittsburg, PA 
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ABSTRACT 

Purpose; A family of six hormones,; i.e., atrial natriuretic peptide (ANP), brain natriuretic 
peptide (BNP), C-natriuretie peptide (CNP),. long acting natriuretic peptide (LANP), 
vessel dilator* and kajj.uretie peptide were inyestigatiBjd for thfeir abnity to decrease the 
number of hu man emalkcelM Ung cancer cells. 

Experimental Design: Thesesix hormones, each at theiri- jiM concentrations, were 
evaluated for their ability to decrease the number and/or proliferation of small-Cell lung 
cancer cells in culture, for 24, 48, 72, and f 6; hours. 

Results: Withi$;|§y lLANP, kaliuretic peptide, ANP and their 

intracellular mediator .cycH^ 

63f/o, 21%, 30%, 39%, and;31 %, respectively. Theresas not any proliferation in.the; 
three-days following this decrease in cell number, these same hormones decreased 
DNA synl^esis^6i^loi^^. B||P:alli';#^il|#|i not deorease: the number of small-ee.li: 
lung cancer cells or inhibit their DNA synthesis. Western blots, revealed that the 
natnuretic peptide receptor-C was-present in these cells. 
Gonclusions: . Four peptide hormones significant decrease the number of, human' 
9m^^M^mm^^W0kU<^. hours and inhibit their proliferation for at least 96 
bOUrsvf^ 
part:by cyclic GMP. 



Four peptides decrease cancer cell number 
INTRODUCTION 

Atrial natriuretic peptides o@gi$jt|$$f ffi&^&^^&UG&Uy^M 
different genes then stored as three different prohormones [i.e., 126 amino acid (a.a.) 1 
atrial natriuretic peptide (AMP), 108 a.a. brain natriuretic peptide: (BNP), arid *W&$&&» 
|ilp]&*na1riuretie peptide (CNP);pr|>boTOh^ the 126 amino acid . ANP 

prohormone are four peptide hormones whose main known biologic properties are 
blood pressure regulation arid maintenance of plasma volume In animals (4-10) and 
humans (l^-l^'Tfei^'pj^^lid' hormones, numbered &yfWe^ 
beginning at the N-terminal end of the ANP prohormone, consist Of the. first 30 a.a. of 
the prohormone (i.e., long acting natriuretic peptide, LANP), a.a. 31-67 (i.e., vessel 
dftalBrfea,a^i^^ 

genes, on the other hand, appear to each synthesize only one peptide hormone within 
their respective prohormones, i.e., BNP and CNP (2,15,16). Each of these peptide 
•ffiif^iisMffmss.in healthy humans with vessel dilator and LANP concentrations in 
plasma being 16- to 20-fold higher than ANP, BNP and CNP (17-23). 

We have recently found that vessel dilator, long actjng natriuretic peptide, 
kaliuretic peptide and ANP decrease the number of human pancreatic adenocarcinoma 
cells in culture by 65%, 47%, 37% and 34%, respectively, within 24 hours (24), This 
decrease was sustained without any proliferation of the adenocarcinoma cells occurring 
in the three ^aysrfollowing this'decfease in number (24). ANP has also been r^Orled to 
decrease the number of hepatoblastoma cells in culture (25). The mechanism of Ahem 
peptide hormones' decrease in pancreatic adenocarcinoma cell number and 
antiproliferative effects Included a 83% or greater inhibition of DNA synthesis but not 
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owing to enhanced apoptosis, i.e., programmed cell death (24). One of the known 
mediators of these peptide hormones' mechanism(s) of action, i.e., cyclic GMP inhibited 
DNA synthesis in these adenocarcinoma cells by 51 % (24). When the four peptide 
hormones synthesized by ANP gene are given subcutaneously via osmotic pumps for 
one week in athymic mice with human pancreatic adenocarcinomas, these peptide 
hormones completely stop the growth of these adenocarcinomas (26). Three of the four 
peptides decreased the volume of the human pancreatic. adenocarcinomas by 49%, 
28%, and 1.1% while at the same time the volume of the adenocarcinomas in the 
placebo-treated animals increased 20-fold (26). 

The present investigation was designed to determine if these four peptide 
hormones' effects are specific to adenocarcinomas. or whether they might decrease the 
number of cancer cells of a different type of cancer i.e., small-cell lung cancer. Small- 
cell lung cancer was chosen for this investigation as it rarely is surgically curable (27) 
and, thus, if one or more of the peptide hormones do decrease the number of small-cell 
carcinoma cells, they may be, a beneficial treatment for small-cell lung cancer as they do 
not have the side effects of the current cancer therapeutic agents (1 1-14). This 
investigation incorporates the atrial peptides made by all three* genes within the heart, 
i.e., the above four peptide hormones plus BNP and CNP. When the four peptide 
hormones from the ANP gene were found to cause a significant decrease in the number 
of small-cell lung carcinoma cells, it was investigated whether the mechanism(s) of this 
decrease in the number of small-cell lung carcinoma ceils and the ability of these 
peptides to inhibit further proliferation of these cancer cells. after their decreased number 
was owing to inhibition of DNA synthesis. It. was then determined whether their 
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intracellular mediator cyclic GMP could reproduce their effects on small*eell lung cancer 
©ells and ON A synthesis! 
MATERIALS AND METHODS 

Small-Cell Lung Cancer Cells. A cell line (ATCC number CRL-2195, SHP-77; 
Shadyside Hospital, Pittsburg, PA) of human small-cell lung carcinoma ceils was 
purchased from the American Type Culture Association (AT^O.)* Manassas, VA. This 
small-cell lung cancer cell line was derived in 1977 by E. R. Fisher, A. Palekar anid J. D. 
Paulson from a non-encapsulated primary lung tumor from ?apieal portion of the upper 
lobe of the left lung of a 54 year old Caucasian man (28). These cells, when injected 
into athymie mice, foflrn termors with a doubling time of 96 hours (28). 
Culture of the Small-Ceil Lung f Carclnoma Cells. Propagation of these cells was in 
Roswell Park Memorial Institute (RPMI) 1640 medium with 2 mM/L-glutamine adjusted 
with addition of 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 1l&;ml&WiPiS, 1 mM Of 
910% sodium pyruvate and heat-inactivated 10% fetal bovine serum (Sigma Chemical 
Company, St. Louis, MO) at a temperature '#^C as ; recommended by*the ATCC. 
Cells were dispensed into new flasks with subculturing every 6-8 days. The growth 
medium was changed every three days. 
: Research Protocol 

After the small-cell lung carcinoma cells were subcultured for 24 hours they were 
then seededtb, covserslips In 24 well plated (Nunelori™, Denmark)*with 1mL of the above 
RPMI media. After 24 hours, wells were washed twice with phosphate buffered saline to 
remove the fetal bovine serum. Removal of serum was done to completely remove all 
variables (EGF, etc.) present in serum in order that interpretation of any data obtained 
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would be straightforward. After 24 hours of semm deprivatipn, media volume; was 
reducedto 250 juL per well with or without the respective peptide hormones at their 1\iM 
concentrations (1% of this volume). Small-cell lung carcinoma cells were then incubated 
for various periods 0$m®^^ffi 4 md^mmty The number of small-cell Jung 
carcinoma cells were;then counted with a cell Counter (Thomas Scientific®, 
Swedesboro, NJ) evaluating ten; fields ;of the microscope slidaat 40 x alOngthe X-axis 
with an Olympus BH-2 microscope (Atlanta, Georgia). This evaluation was- repeated on 
six separate occasions with the number of "small-cell lung carcinoma cells reflecting 60 
observatjons for eachiigroup, J-Om 60 ; observatipns for controls and 60 . observations for 
each of the six groups with respectiv&peptide hormones. The peptide hormones used 
in this investigation were from Phoenix Pharmaceuticals, Inc., Belmont CA. 
Determination of DNA Synthesis. Tovinyestlgatewb 

were inhibiting DNA synthesis, bromodeoxyun'dihe (BrdU) incorporation intothesmall- 
cell lung" carcinoma cells was utilized. BrdU was from BD Bioscience, San Jose, 
California. DNA synthesis and doubling of the genome take placedurjng the synthetic or 
S phase (29,30). BromOde^xyU.ridine is a thymidine.ahalog incorporated into nuclear 
DNA during: the S phase of the cell cycle pS4i)-A%r'24iio:ur ; s inculture with 1 uM of 
LANP, vessel dilator, kaliuretic peptide, ANP, BNP, or £NP, respectively, or with no 
peptide hormone (i.e„ control), BrdU in a finatconcentration of 10 uM in the: cell culture 
mediu m ; was: addedrfor 45 minutes - which is the; time, in Which the cells are in the 
logarithmic phase tof o^ll pRDliferation. For immunohistochemtettyi .a Brd^m sftw • 
detection 'kit from Becton Dickinson Immunocytochemistry Systems, San Jose,, 
California, was utilized. 
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The incorporation of the BrdU stain into the hufeleus was. counted uslng;a Nikon 
Inverted Diaphbt-TMD Microscope (Tokyo, Japan), the number Of stained nuclei were 
compared in the six^pept^ group* The negative 

control for these studies was provided by Becton Dickinson Imraunocytochemistry 
Systems. To: investigate 0NA synthesis, BrdU incorporation by immunochemistry has 
been demonstrsited to be equally good as 3 H-thymidihe incorporation (31 ,32) and has 
mpMdS/an^§p\kat it|provid§i M|p: iirafs^MHoi' 3% 

Cyclic GMP Effects on DNA Synthesis. Cyclic GMP is one of the known mediators of 
the previously described, biologic effects of these peptide hormones (4,33,34). All four of 
these peptides synthesized by the >^NP gene-induced vasodilations of vasculature are 
mediated by increased' cyclic GMP concentrations via en hanci ng guanylate cyclase 
3^^(4,33,3^)^ We hay^p^ii^ shown that'ea^hof ^s:e#e 
increase cyclic ^ 8 bromo-cyclic GMP 

;reproduce]sthese^vas©dilatei|f e$eefe!p3^ For the present investigation of part of the 
mechanism of- these peptide hormones' ability to inhibit DNA: synthesis in smallrceil lung, 
carcinoma cells, 8-bromoguanosine 3',5'-cyclic monophosphate (i.e., 8-bromo cyclic 
GMP, Sigma) was utilized. 8-bromo cyclic GMP is a cell-permeable analog of cyclic 
GMP. 

ANP Receptors in Small-Gel I Lung Carc^ it was found that theSe 

ANPs deCreased the number of human small-ceH carCihoma cells, it was then evaluated 
whether small-cell lung carcinoma have ANP receptors to mediate these effects. 
Western blots of !he na^uretievpjeplide m and C- were performed as 

follows: 
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Westerrt Blotting; Fitly fgiQrograro^^?r^jp e^$^ from 4ifi^\^K ^f\g carcinoma 

* 

cells, pieasur^i^ th^ feteihcla^nie aeid (Bi3A) protein as^|^^# ^S^tsemi Rockford* 
IL), was loadedkonto each lane of a discontinu©usis^5$> SDStPAQJI gej (Bio-Rad; 
Hercules, CA), separated by electrophoresis, and then transblotted onto a nitrocellulose 
membrane (Amersham Pharmacia Biotech, Piscataway, NJ) -for 85 rninat 0.5 A in 
Towbin buffer. Blots were blocked for 1 hour at room temperature in a 5% solution of 
dry milk and then incubated for 1 hour in a 5% solution of bovine serum albumin 
lection V; Fischer Scientific, Fair Lawn, NJ) in'Tfis-buffered saline that contained a 

NPR-A receptor protein (generously provided by Dr. Ms0& L. Garbers, University of 
Texas Southwestern, Dallas, TX) or containing Tris-buffered saline with a 1 :400 dilution 
antibody to the NPR-C receptor (kindly-provided by Dr. K. Omori, Osaka, Japan). After 
being washed with Trisrbuffered saline, the membranes were incubated for 1 hour at 
room temperature ima solution of dry milk with a 1:15,000 dilution of horseradish 
peroxidase conjugated goat anti-rabbit IgG antibody (Amersham Life Sciences, 
Arlington Heights, 1L). After a second washing with Tris-ibuff ered salirt^ the-bands were 
identified by enhanced chemiluminescence reagents (ECL Plus Kit; Amersham 
Pharmacia Biotech) and visualized in a luminescent image analyzer (model LAS-1000; 
Fujifilm, Tokyo, Japan). Specificity was revealed by the presence of a signal in rat lung 
(positive control) and absence of a signal with normal rabbit serum, rabbit IgG, and after 
preabsorption of the NPR-A antibody with NPR-A protein or preabsorption of the NPR-C 
antibody with NPR-C protein. 



7 



Four peptide decrease: cancer ceil number 
RESULTS 

Decrease In Number of Small-Cell Carcinoma Cells by Four Peptide Hormones 
Synthesized by the A'NP Gene. "I3fee number of small^ell lung c^rcinpm cells after 24 
hours without the addition of : any of the peptide hormones averaged 86 ± 9 cells per 
high-powered field' when ten fields of the coyersHp were evaluated at x 40 along the 
axis with*an ©lympus BH^Z microscope (Atlanta,. GA). This ^valuation Was repeated on 
six separate occasions With the above number reflecting sixty observations of the 
number of control small-cell lung carcinoma cells and sixty observations of each -of the 
sixgroups with addition of one of the cardiac hormones (Fig. i). The'addition of 1 |iM of 
long acfing natriuretic peptide (LANP) for 24 hours - decreased the number of small-cell 
lung carcinoma cells to 68 ±'6 i.e., a 21%. decrease (P^O-OSjih the number of small-celi 
carcinoma cells with the LAN P (Fig. %). Vessel dilator at 1 uM'fbr 24 hours ;had;ah even 
more dramatic-decrease (63%; P<0.001 ) in the number of these small-cell lung 
carcinoma ceils (Figure 1 J. Vessei dilator deereased the numb of cancer cells from 86 
± 9 cells to 32 ± 4.«aliuretic peptide at 1 f*M for 24 hours decreased the number of 
small-cell lung cafcihoma cells 30% (P^.OS^ i.e., tb.60 ± 6 smail-ceil ; iung cancer cells 
Fig. 1). 

The number of small-cell lung cancer cells In culturedecreased 39% (~P<0.01) 
when exposed to atrial: natriuretic peptide (T ^M) for 24 hours (Fig. 1). Brain natriuretic 
peptide and GNP, each at 1 [iM; only decreased the number of small-cell lung 
carcinoma cells 0% and 4%, respectively, after 24 hours of incubation (not significant). 
Thus, with respect to their ability to inhibit the growth of small^cel! carcinoma cells When 
these cells were exposed to identical concentrations of these six peptide hormones for 
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24 hours, vessel dilator > ANP > kaliuretic peptides LANP MSSSIP* BNP. When the 
number of ceils was examined immediately after the incubation of the respective 
peptide hormonesa/wthin the cells, there was not any decrease in the number of cancer 
cells. In the wells with decreased numberof cells secondary to the cardiac hormones, 
there was evidence of cellular debrts. 

Decreased Cellular Proliferation After ln^;f|^^ii|,trt'.aini^II ? Ce!l:.Lurig 
Carcinoma Cell Number. When small-cell lung cancer cells were exposed for longer 
periods of time e^, 48^ 72, and 06 hoursdo vessel dilators LANP, kaliuretic peptide, 
ANP, BNP, and CNP each at 1 jxM, there was a inhibition of proliferation of the small- 
cell lung carcinoma cells after toe decrease in the number of these cancer cells at 24 
hours by the peptide hormones from the ANP gene (Fig. 2). Thus, when exposed to 
vessel dilator, LANP, kaliuretic peptide and ANP for 48 ' hours the inhibition of the 
number of cancer cells compared to untreated small-cell carcinoma cancer cells was 
54% (P<O;O01), 20%„21% and 24% (P<0;05 for these three peptides^ respectively. At 
72 hours and 96 hours r the (decrease in number of small-cell carcinoma cells secondary 
to vessel dilator was 59% and 58% (P<0.001, Fig. 2). At both 72 and 96 hours, the 
number of small-cell carcinoma cells was reduced 21% (P<0.05 for both) compared to 
untreated small-cell lung cancer cells at these time periods. At 72 and 96 hours, the 
number of cancer cells With kaliuretic peptide present was decreased by 28% and 27%, 
respectively, ..compared tosimtrpated; small-cell* lung ©jarcjh^ 
(Fig. 2). The number of small-cell lung cancer cells at 72 and 96 hours decreased 
secondary to ANP 30% and 32% (P<0.05 for both) compared to the number of small- 
cell lung cancer cells at these same time periods without the addition of any peptide 
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hormone (Fig. i| Tfiflfe-'plffiM!^ inhibited by lhese (^rdiacipeptide h 
for three days after the initial decrease in cell number in the first 24 hours (Fig. 2). There 
was hot any significant increase in proliferation of any of the cancer celis when exposed 
to these four peptide hormones for 1* 2, and; 3 days after the initial decrease in number 
Of the smalls 

decrease in small-cell lung; cancer number secondary to BNP Or CNP at48, 72, or 96 
hours (Fig. ;2). 

Cyclic GMP Decreases Small-Cell Lung Qancer Cell Number. Gye GMP at 1 




(Fig ; *)> 
Inhibition of 

mechanism of the small-oelllung carcinoma cells' ,decreese4n number and decreased 
cellular-proliferation by the above four peptide hormones, We next investigated whether 
their effects were due to an Inhibition of DNA -synthesis as they have been 
demonstrated to decrease 0NA synthesis in ^ adenocarcihoma cells -(24). 

Vessel dilator, LANP, kaliuretic peptide and ANPeach attheiH concentrations 
inhibited DNA syrttheisis when incubated with smail-cell lung carcinoma cells for 24 
hours by#2%, 75$^ 68% and 78%, respectively (P<0.001 for each) (Fig. 3); There was 
not any significant decrease in DNA synthesis in the>small-:cell lung cancer cells 
secondary to BNP or GNP (Fig. 3). 
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Cyclic GMP lr»h| blfe j®!^^ntriresis ilia !Smap®ej! ^j^^^^^^^!!^^ 
deiflhe the mechanism (s) for these peptide hormone's ability ^ DNA 
synthesis, one; of the, known mediators of these peptides biologic effects; La.; cyclic 
GMP '(4,33,34) was investigated to determine if it could inhibit. DNA synthesis in these 
same ^rnallrGell lung cancer cells. 8^ DNA synthesis in 

small-cell lung carcinoma cells by 50% (P<0.0,1) at its 1 ^concentration (Fig. 3). 
NPR-C Receptor is Present in Small-Cell Lung Cancer Cells. iSmall-cell;jung cancer 
cell lines have been vrepoiiteddtoihave NPRrA receptors <(35;) but natriuretic receptors 
have never been evaluated in the smalkcell lung eaheer line utilized in the present 
investigation. It has never previously been investigated whether small-cell lung 
carcinomas have NPR-C receptors. When the small-celblung carcinoma cells were 
evaluated by Western blots, the NPR-C receptor was demonstrated to be present (Fig. 

4). 

This ihv^stiga^hiis ANP, LANP and 

kali uretic peptide can decrease the number of small-cell lung carcinoma. Gells- Allfourof 
these peptide hoi^ only one cancer 

previously, i.e., human pancreatic adenocarcinomas. Similar resuits were. found; with 
human pa$craa1feadjB^^ 

synthesized by the ANP gene decreasing the number of human pancreatic 
adenocarcinoma cell during the first 24 hours 34% mm% (24). Thus, these? peptide 
hormones significantly oacreass the: number of cancer cell^ in bojth adenocarcinomas of 
the pancreas and !sma!l^cell lung carcinomas. The present inyestigattdh indicates, 
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therefore, that these peptide hormones sfgnificantly decrease -the number of cancer 
cells of at least two different types of cancer within 24 hours. This information, plus the 
knowledge that one of these; peptide hormones, i.e fj ANP, decreases the . nXimber of 
hepatoblastoma cells in culture (25) suggests that these peptide: hormones may J have 
generalized anticancer effects, i.e., have the ability to decrease the number of cancer 
cells from a variety of different cancers. The ability of thesefour peptide hormones to 
completely stop theigrowth of human pancreatic adenocarcinomas in v/.vro with three of 
the four peptide hormones decreasing the volumeof this human cancer in one week 
(26), highlights the potential cjinical cancer treatment relevance of the.se.peptide 
hormones. 

Brain natriuretic peptide (BN P) and G-natriuretic peptide (CNP) ;did not have any 
significant : effect on/the numbeirof the;srnall-cell lung cancer cells. Thus, the effects on 
small-cell lung carcinoma ceils With respect to atrial natriuretic peptides: appear specific 
forthe peptide hormones synthesized by the ANP; gene as the peptides synthesized by 
the BNP an^ CNP.g.enes had n significant effect on these cancer cellk 

Vessel dilator was the most potent of these peptide hormones, in decreasing the 
number of the small-H3ell lung cancer, cells. Vessel dilator ha;d; signifiea'nt-(P<0.'0Q1 ) 
effects within 24 houfs (63%,decr!easeln number tof smail-celllung cancer cells) and 
inhibited any further proliferation of ^ small-cell lung raneer cells from 24 to 96 : hours 
(P<0.00i; Fig. 2). Vessel dilator also decreased human pancreatic, adenoca rcinomas in 
vitro the most (24;) :and decreased human pancreatic adenocarcinoma tumor volume th 
most in vivo (26) suggesting that it has the most significant anticancer properties of 
these peptide hormones. 
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the other three peptide; hormones synthesized by the ANP gene effects on 
decreasing the: number of small-cell jung^carcinoma cells^as significant, however. 
Atrial natriuretic peptide decreased the number of smallrcell carcinoma cells at 24 hours 
(39% decrease), which Is more than its ability to decrease the number of pancreatic 
adenocarcinoma cells at;24 hours, i.e., 34% (24), Kaliuretic .peptide,,on the other hand, 
ability to decrease the number of smallrcell lung carcinoma cells: at 24 hours Was notjas 
good with small-cell lung carcinoma cells (30%) as with human pa ncreatic 
adenocarcinoma cells ^^'^M$^§li^4l^^MW f W^M^^M^^^I^&$ 
hontiones' ability tbidecrease cancer cell numbertfepending uponthe type :of cancer. It 
sshould be noted thatLthere: was no decrease in the number of cells when, examined 
immediately after ad.dition of the respective peptide hoMenes indieatm^ 
obtained was hot due to artifact ; It is; aiso important to npte that cellular debris Was; 
present at 24 hours in the peptide hormone-treated smalhcell lung carcinoma cell 
cultures suggesting 

Each of these peptide hormonesMnhiblted 68% to 82% of the amount of DNA 
synthesis in these .small-celliTung carcinoma cells. Xhese^flndings suggest that one 
Important mechanism of action of these peptide* hormones to inhibit cancer cell number 
and their proliferation is, via their ability to inhibit DNA synthesis. This finding is similar to 
the ability of^these peptidj&ihon^ones to inhibit DNA synthesis in fhumaa pancreatic 
adenocarcinoma cells- (24), but considerably more significant than ANP's ability to inhibit 
DNA synthesis in hepatoblastoma cells (22%)t(25) i 

With respect to the mechanism of how these peptide hormones inhibit DNA 
synthesis, one of the second messengers of their biologic effects, i.e., cyclic GMP 
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(4,32,33) wasfdund using 8-bromo eyclicGMP to Inhibit DNA synthesis up to 50% in 
the small-cell lung carcinoma cells. Cyclic GMP% mimicking the'effects of these peptide 
hormones on PN/\' synthesis in the same c^lls suggests that cyclic GMP is one of the 
med1atorev©f€kse peptide hormones' ability to inhibit DNA synthesis in smailrcell lung 
cancer cells. The concentrations of cyclic GMP that inhibited DNA synthesis in the 
smalheell lung carcinoma cells are identical to the concentrations of cyejic GMP 
measured within tissues secondary to these peptide hormones (4), Further evidence 
that the cyclic GMP inhibition of DNA synthesis in small-Cell lung cancer cells may be 
important for these peptide hormones anticancer growth effects is that when cyclic GMP 
was infused subcutaneously for a week in.athyrnie mice with human ipancreatic 
adenocarcinomas, it inhibited 95% of the growth of the human pancreatic 
adeno^rcihoma compared to placepo-lfeated adenocarcinomas (26). 

Brain natriufetio peptide (BNP). ahdK(^h"a^ of biologic 

effects in these cancer cells with the knowledge of the present investigation that the 
NPR-C (i.e., clearance) receiptor is present in these small-cell lung cancer cells 
suggests the possibility that the NPR-C receptor is clearing more BNP and CNP 
compared to AKlP out :0f this cancer cell. Using 50jig of protein we were unable to 
detect the NPR-A receptor in the small-cell lung; carcinoma cell line. oPthe present; 
Investigation. ^ 

the one of the present investigation) found that the NPR-A receptor was identified but 
was in such a low concentration that the number of binding site's could not be estimated 
(35). It is, thus, possible if one used a much larger amount of protein one might be able 
to detect an NPR-A receptor in the present small-cell lung cancer line, but the present 
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inyestigation arid the previous investigation ^ 

receptor is not abundant in small-cell Jung caneers. The NpR-G receptorwas 
demonstrated to be presenfcfor the first time in the present investigation in smalkcell 
lung cancer cells. It is of interest that the Small^-eeli lung carcinoma cells have developed 
an NPR-e receptor to clear ANP, BNP, and CNP out of the cell and, thus, decrease 
theireffects, 

Lung : caneer is the leading caUjse df cancer^death in both men and wemenin the 
United States, and this same trend. is seen in many other. countries (36). In the United 
States in 2004 it was estimated thatluhg:cancer accounted for 31 % of cancer deaths in 
men and 25% of cancer deaths in women ,(36). Small^cell lung. cancers account for 20% 
to 25%M-6\l\i«^j.GaQf&rs$&j&t) r Small-cell lung cancer diffe.rs«from other Jung 
cancers In that it metastasizes veiy early and rarejy can be eyred surgically ;(37). Jn the 
current management &f small-cell iUhg cancers the majority of patients aretreated first 
with chemotherapy plus radiotherapy but with this combination survival is only 20% at 
three years (37). There; is an- increased incidence;of Secondary cancers with the 
Cisplatin^ and eytoxan-based.re 

ehemotherapeutic regimens containing doxorubicin may induce cardiac myopathy (37). 
The data of the present investigation thaft^ 

of small-cell lung cancer cells suggests that these peptides may be a good addition to 
the therapeutic regjmeri for small-rcell lung cancers since they do nofceause Secondary 
tumors or cardiac myopathy Thusv their use would allow/for the current anticancer 
ehemotherapeutic agents to be used in a lower dose(5)^o obtaih the same effect; 
Utilizing Oheor more of these peptide hormones might also allow for a dose^escelatioh 
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of currently used ehemotherapeutic ageh as anlmportarit strategy for overcbming 
drug, resistance (37). Thus, th is dose-escalation Would be less, than the present 
escalation of current chefriotherapeutic agents since the peptide homines of the 
current investigation would decrease the number of cancer cells as demonstrated in the 
present investigation before this doserescalatJon vvould begin. VVfth less; cells toikill, this 
dose escalation would not have to increase as much as in current clinical trials thereby 
achieving higher complete remisSidh rates and ihcreasing cures with iess side effects/as 
the total dose(s)-of the ehemotherapeutic agents to achieve cure this should be less if 
the above peptide fto^ side effects, 44T§,2#) 

are given first. 

These peptide hormones which circulate normally in the human body (1$-23): 
have no known; cytoxic effects to normal cells (#l);and only one-known side effect (4- 
16). This sideseffeet, i.e., hypotension, has only been observed with ANP and BNP and 
newer with vessel dilator, LA'NP, or kaliuretic peptide (4-1$). These last three peptide 
hormones with the best safety profile also decrease adenocarcinoma cells in viftoXhe 
m0s*p4}j;^ 

decrease adenocarcinoma tumor volume in vivo the most of the atrial natriuretic 
peptides(26). 

In addition to present adjunct chemotherapy forsmalh-eell lung cancers causing a 
small incidence. of secondary cariGers and cardiac myopathy, presently utilized 
chemotherapy very commonly causes toxicity in the form of nausea, vomiting, alopecia, 
and myelosuppression^3.7). None of these toxicities: occur With the atrial naW 
peptide hormones ("1 1-14). The dataof the present investigation plus the-knowledge 
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that these peptide hormones lack the above side effects (and have less side effeets 
than an current utilized cbemotherapeutic^ 

adjunct. chemotherapy Jor sfnallrcell lung cancers even though they do not kill, all 6f1he ; 
small-cell lung cancer cells by themselves. 

We thank Chartene Pennington for ^cfell^s^r^Mfel assistance. 
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Four peptides decrease.:cancer cell number 
FIGURE LEGENDS 

Fig. 1 . Decrease in human small-cell lung cancer cells after 24 hour expjosure-to 1 uM 
of long acting natriuretic peptide (LANP)> vessel dilator, kaliuretic peptide, atrial 
natriuretic peptide (ANP), brain natriuretic peptide (BNP) and C4ype natriuretic peptide 
(GNP). The decrease in small-ceil lung cancer cells was significant 'at P<O:G01 with 
vessel dilator, P<G:Q1 with ANP, and a P<0.05 with kaliuretic peptide and LANP when 
evaluated by repeated^analysis of Variance (AN©$A). There was, no.xsjgnifieahtc 
decrease in small-celMung cancer cell' number secondary to BNP or ON P< when 
eyaluated, by ANOVA. The decrease in number of small-cell lung cancer cells 
seeondar^ffo vessel dilator was . si^ decrease 
secondary to any .of the other natriuretic peptides wheh evaluated ;by. ANOVA. Cyclic 
GMP (cGMP); decrease in small^cell lung cancer celts was significant>at;P<0iQ5; when 
evaluated by AN0VA. 

Fig. 2. Timetcoursje ©^decrease in human smilrgeli nuf^ber with 1 ;uJVI 

of vessel dilator (□), long acting natriuretic peptidj&IIO^I^Np^ kaliutetic peptide 
(A),atrial natriuretic peptide (ANP, ▲), brain natriuretic peptide pNP : , i%;jC?%$ie> 
natriuretic* peptide (O), respectively, andcyclic GMP (cGMP, 1 uM, eompared'to 
placebo4reated (<i)small-ceil lung cander cells. The decrease in cancer eel) number by 
ANP, LANP, kaliuretic peptide, and cGMP were significant at P<0.05 while the decrease 
secondary to vessel dilator was slpifjcant at#^£<3i at each time^poih^ to 
placebo when evaluated by repeated analysis of variance {ANGVA;^ There was no 
significant decrease insmall-cell lung cancer cell number With either'BNP Or ©NP when 
evaluated by repejatedANGMA. 

23 



Four pepidestde^a^cartcer cellnumber 

Fig. 3. Inhibition of DNA synthesis by vessel dilator, long acting natriuretic peptide 
(LANP), kaliufetic peptide, and atrial natriuretic peptide (ANP) in human smallreell lung 
cancer cells. This inhibition of DNA synthesis is 'illustrated as Jhe*peiice|t=of DiNlA; 
synthesis Occurring with the respective peptide hormones, each at 1 uM, versus the 
amount of DNA synthesis without the addition pf any of these; peptide hormones. The 
arflounf ^ if: i>$ p&pMeM&moti&sMias 

significantat P«fr^ evaluated by repeated analysis of varjance (A^0WM- 9~ 

brorno cyclic GMPatits 1 iiM inhibited DNA synthesis 54% in small-cell lung cancer 
cells (P<0;0i ), B N P and&N P, each at 1 uM, had no significant effecton DNA synthesis 
when evaluated by repeated ANOVA. 

Fig. 4. NPR A- and C-receptors evaluation humanvsmal^cell lung cancer cells, -Western 
blot analysis with; ftlSlfc a^eihstthe 
COOfl terminus of the natriuretic peptide A^receptbf (NPR-A) and 1 -4000 ^dilution of 
antibody to* the NPR-C receptor. The upper graph: demonstrates the positive rat lung 
control (PANC).for the NPR-A re^ NPR-A receptor in the 

smalkceli lung cancer (SHP-77). The loWer graph: demonstrates the NPR-G receptor at 
66 kiloDaltehs (kDa) inlhe human smalkcell lung; cancer cells (SHP^77) as well ;a's in 
the pdstiWe c6ntr©l>(ie#|^riei| • 
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Abbreviations 



a.a. amino acids 

ANP atrial natriuretic, peptide 

ATGjC Amencart "Type Culture Association 

BNP brain natriuretic peptide 

BrdU bromodeoxyundine. 

GIMP G-^type natriuretic peptide 

e° centigrade 

Cyclic GK/IP cyclic 3',5' guanos^ 

QNA deoxyribose nucleic acid; 

Fig: figure 

G/L gram per liter 

GMf femttotic (proliferativ^lase Qfcell cycle 

G0-G4 Go, resting: phase d^!); cycle . 

mlVI/L rriiifi rnoles per liter • 

NPR-A natriuretic peptide receptbm ; (active) 

NPR-G natriuretie:peptide reeeptor-C (clearance) 

% percent 

RPMI RosevreH^ 

rpm revolutions per minute 

S synthetic phase of cell cycle 

SMP Shadysjde Hospital, Pittsburg, PA 
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Abstract 

We recently found' thaHourpeptjd t0fiiilis^pfM^i|f by the 
same gene a>mp|ete(y inhibit the growth of human pancreatic 
adenocarcinoma^ present imrhunocytodhemical 

investigation was designed to determine where in the adenocarcinomas 
these peptide hormones localize; Atrial hatriufetic peptide; vessel dilator, 
longdating hatriuretic- peptide and ikalju retic peptide localized to the 
cytopiasm-and nucleus of the human pancreatic HiiiMlili 
is consistent wfth their abilityto decrease DNA synthesis in the nucleus, of 
this^eancor.1n'thistfirst investigation of where; these peptide hormoneswith 
ahfieani^r e^le^ilii^H^irf ahy c^hcei these peptide hormohes also 
localized to the endothelium^ of capillaries and' fibroblasts within these 
cancers. Conclusion: This, is the first demonstration of growth-inhibiting 
peptide . horh?ories locallzihgito the nucleus where they inhibit DfsIA 
synthesis and may interact with growth-promoting hormones which 
localize there as the etiology of their ability to irtHibitihe growth of 
adenocarcinomas both in vitro arid in vivo: 

Key words: Atrial Natriuretic peptides; Immunocytocherriistry; pancreatic 
adenocarcinomas 
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Introduction 

A family of peptide hormones referred to as atrial natriuretic 
W^^W^^i'^Wa^^^-W&M the heart and stored in the atrial 
myocyte IM^pMh&^i^^^MrMpMj. releasein response to stimuli {Brenner 
etal. 1990; Vesely 2003). The ANP gene synthesizes a 126 amino ;acid 
(a;ay)prohprrnbne, which contains four peptide hormones consisting of 
a.a. 1-30 (i.e., long acting natriuretic peptide, LANP), a.a. 31-67 (vessel 
dilator), .a.a. 79t98 (kaliuretio peptide) and atrial natriuretic peptide (ANP, 
a.a. 99,-1 26 of this prohormone;) (Brenner ;et al. 1990; Vesely 2002). 
Known biologic properties of these i four peptide hormones include: blood 
pressure lowering, diuresis, enhanced sodium and/or potassium excretion 
When infusedMnto healthy animals (Vesely et al. 1987; Martin et al. 1990; 
Gunning et al: 1992; Benjamin and Peterson. 1995f Clark et al. .20P0);;and 
humans (Vesely et al. 1994a,b; -1998, 1;999;. Nasser et al, 2001). 

We have found that vessel dilator, LANP, kaliUretic peptide and 
. AN P decrease the number of human pancreatic adenocarcinoma cells in 
culture by 65%i47%, 37% and 34%, respectivelyi within 24 hours (Vesely 
et al. 2003). This decrease was sustained without any proliferation of the 
adenocarcinoma ee^ 

in riumber^ibid). The mecha nisrn of these peptide' hormones' decrease in 
cancer cell number and antiproliferative effects was a 83% or greater 
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programmed cell death (Ibid). One of the known mediators of these 
peptide hormones' mechariism(s) of action, i.e., cyclic GMP, inhibited DNA 
synthesis in theseadenocarcinoma cells by 51 % (ibid). 

In vivo* vessel dilaton(1 39; ng mih; 1 kg7 1 o^ 
14 days completely stopped the growth of trie human pancreatic 
adenocarcinomajslih athymlc mice (n=14);vyrth a decrease in their ttimof 
volume, while tneftumor vdlume increased 69-fold (P<0.OO1)in the 
placebo (n=30).-treated mice (Vesely et al. 2004). When the four peptide 
hormones synthesized the ANP gehe (each at 1.4 ng min^kg -1 body 
^WeiihtjN^r^iifu %r fdUr aetingrnatfiuretic 
peptide and kaliuretic peptide in addition to completely stoppingthe 
growth of this human pancreatic cancer also decreased tumor volume 1 
after dne Waekiby :49%,;2g.°?o, and 1 1 % with a>one- and. 20^fo|d increase in 
the tumor volume in ANP- and pla.^bo-treated; mice (ibid); 

The present investigation was designed to determine where these 
peptid@^horrnortes localize* within human pancreatic callGerSi^hlBr^h^se . 
peptide hormones localize within any cancer has never previously been 
investigated. 
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Materials;and;Metbods 

Tissue Samples: 

The human, pancreatic adenocarcinomas groyyihg ir) atbymic mice 
wefd removed after sepaWefd^ 

osmotic: pumps (Duret Corporation, Cupertino, GA) of vessel dilator, long 
acting natriuretic peptide. (!^:NP^ and ANP with peptide 

each at a concentration of 1 A fig mih-kg;- body-weight) (Vesely et.al. 
2004). The Alzet Model 2004 osmotic pump for mice^delivers 'all .of its 
edhie^ 

pumping. Untreated human pancreatic adenocarcinomas werei.also 
examined four weeks/after they had jbecame palpable, -at which time, their 
volume had inor^ased-5i^#>M ^fl^ii3nrM<hL^n -^e^-isei^ifRf^. :iK9.l^itiggI- These 
treated and untreated pancreatic adenocarcinomas were fixed in zinc- 
formalin for 2;4 hours; paraffin-embedded and subsequently processed 
with routine techniques and IHC analysis descnbed previously from our 
laboratory (Ramirez et al. 1992; Saba efcal. 199,3). Several tumors of 
animals treated with vessel dilator, LANP;..kaliuretic peptide, and ANP, 
respectiyely. as weil .as several untreated ^umanipancreatic 
adenocarcinomas were evaluated. 



I mmuridhistochemistry: 

After deparaffinizatron and rehydration with phosphate-buffered 
saline (PBS), pH 7.2, 3 fim sections were stained for vessel dilator, long 
acting natriuretic peptide (LANP), Kaljuretic peptide, and atrial natriuretic 
peptide (ANP$ by the ayidihJibtih ipieMdase e^npie^pBBI technique: 
(Hsu et al. 1981) using a Vectastain kit® (Vector Labs, Burlingame; CA, 
USA), Sections were incubated for 1 hour at 24°C in a humidity chamber 
With the respective primary, antibody diluted (1 :200-1 :100;0) with PBS, and 
then after rinsing, incubated again in the humidity chamber for 80; min with 
biotinylated antibody. The illustrations in this manuscript are all at the 
1;:80G dilution^r^ the slides wer^ then 

rinsed followed by a final incubation for 30 min in; ABC in a humidity 
chamber. Controls for the immunoperoxidase staining included: (a) 
|ubsl:ituidn ©T^he prima ly ahti normal rabbit serum and (b) 

preincubation of the primary antibody with excess vessel dilator, LANP, 
kaliuretic peptide and/or ANP in their respective immunoperoxidase 
assays for 24hOUlS.at 37^& These :re^ 

antisera for immunohistochemistry were from Peninsula Laboratories 
(Belmont, OA, USA). 
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Cross reactivity of vessel dilator, LANP, kaliuretic peptide, and ANP: 

Gross, reactivities of the various human antisera raised in rabbits to* 
detewnineitheir spealflcity were dete^^^ 

radioimmunoassays utilizing the human form of pure synthetic, peptides 
vessel dilator, LANP, kaliuretic peptide, and ANP synthesized and 
assayed by Peninsula Laboratories; (he (B.#lmorit, GA, USA). LANP 
antisjeraerfss I^i^^f^Rriffeit |9iiri^.ii$»!l%iSl^Li^^^M^ 1.00% w?hi1e its 
cross reactivity with AN P and vessel dilator was 0%. Vessel dilator 
antisera bad 100% cross reactivity wrthpu fe synthetic vessel dilator but 
0% cross reactivity with LANP and/or ANP. The antisera to ANP had 
tfJ0% cross ^i^i^;with'#NP^ .and:;0%, cfos.S; reactivity with eltftfer LANP 
or vessel dilator. Kaliuretic peptide antisera had 100% cross reactivity With 
human kaliuretic peptide but 0% Cross-reactivity with LANP, vessels dilator 
orANP. 



Results 

IramunbperbXidase staining of vessel dilator Was very strong (+++) 
in the cytoplasm of the human a^^^ 

to control' adenoearcihoma cells (Insert Fig. 1D) which did not receive a 
vessel dilator infusion in vivo. Essentiallyairoftheeytopjasm of the 
pancreatic adenocarcinoma cells had strong staining with vessel dilator 
(Fig; 1A>. The nucleus -of the adendearc^ 
strong vessel dilator immunoperoxidase staining. Vessel dilator also 
localized (+++) to the enddtheliurn of the small capillaries invading.the 
human panciflsgflb adenocarcinoma. On histological (H&E) staining there 
were; notlahy large blood ve:$sejsk(arjBrie^ etc}, wiftih^^ but 
numerous small capillaries invading this tumor could be Visualized (Fig. 2); 
In the H&E evaluatidhone-can^observe mitosis occurring within the 
cancer cells With their nuclei clearly discernable '(Fig. 2). Each: of the 

adenocarcinomas. Vessel;e"ilator also localized to the fibroblasts within the 
aderidcarcinpma^ W the nuclei of the fibroblasts 

stained positive for vessetdilator (Fig. 1A). 

Long acting natriuretic peptide (LANP) had a slightly stronger 
^^ y \j^iiirtop&roy^ia6B, staining of the cytoplasm but similar intensity 
(+++) of immunoperoxidase staining of the nucleus of the human 
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pancreatic: adenocarcinomas .compared to vesselidilator (Fig. 1B).,Strong 
(*W)M^ Hi Indothelium in 

the small capillaries in the adenocarcinomas (Fig, 1 B). LANP staining of 
the fibroblasts Within this tumor- Was mOreintense (+*++) than with> vessel 
dilator (Fig. 1 B). 

i^ajtu'retfe peptidO immunoperoxidase staining.in the 
adenocarcinomas infused with kaliuretic peptide: had a decreased intensity 
compared to the other peptide hormones (Table 1 and Pig. 1C). Kaliuretic 
peptide, however, localized to the sama structures within the human 
pancreatic adenocarcinomas (Fig. 1€). Thus, kaliuretic peptide 
immunoperoxidase staining (++ ; ) localteed |o the rluclelis of-the cancer 
cells similar to that observed with- yOssel dilator and LAN P (Fig. t|j|. 
Staining -of the cytoplasm of the human pancreatic adenocarcinoma cells 
with kaliuretic peptide was less/than that observed with vessel dilator but 
there was definite localization Qfokaiiuretic#eptide to the cytoplasm. 
Kaliuretic peptide also localized to the endothelium of the small capillaries 
and ^fibroblasts ;(Fig. 1C) with an intensltyvsimilarto that Of ;its) 
localization to cytoplasm. 

ANP had very strong immunoperoxidase (++++) localization to the 
nucleus and cytoplasm of the human pancreatic cells (Fig. 1:Q:). ANP had 
slightly stronger immunoperoxidase staining Of 
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the ©ther : peptide hormones (Table 1 ). ANP also had: a very strong (+++) 
tenkatiowloto 

Strong (++++) ANP immunoperOxidase staining was also present in the 
fibroblasts in this tumor (Fig. 1 D). the immunohistochemical data -are 
summarized in Table 1. 

There was not any immuhoperoxidase staining With vessehdiiator, 
LANP, kaliuretic peptide or ANP'in the human adenocarcinomas when 
their' respective primary antisera were either substituted with 'normal rabbit 

with anvexcps ©1^ 

their re^pecti^ houits: atW?e. 
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Discussion 

This is the firet demonstrationofthe localization of four peptide 
hormones synthesized by the atrial 1 natriuretic peptide gene in any cancer. 
Human pancreatic adenocarcinomas were chosen as- the first cancer to be 
investigated because persons with pancfeatic adenocarcindma have the 
lowest five-year survival rate (1%; with a median survival ofenly 4 
morattis):ofiall common human malignancies (#tichumoni 1;998,i Wolff et al. 
2000!). Surgery; and .chempthe but 
the above-four-mbrith median survival and five-year survival rate includes 
those persons treated with sur^ry aid oilier^ 
Wolff et al. -2G0Q). The- human pancreatic carcinomas of the present 
investigation had their growth completely stopped by eaeh of the four 
peptide hormones of this investigation . and. vessel dilator decreased the 
volume of these adenocarcinomas 49% aftereach were infused for a 
we£ks;Ubc^^^ 2004|. M$kffi^®f0m\000& 

hormones; in the present investigation had a strong localization in the 
nucleus of the cancer cells. This information eorcelate§ew1th the knowledge 
that each of these peptide homnonesiStrran^ (83% 
to 91% decrease) w^ 

present investigation (Mesely et al, 2003) as the nucleus is the.site of DNA 
synthesis. Further correlation of the findings of the localization of these 



peptide hormones in the nucleus of the human pancreatic 
adenocarcinomas in the present investigation are flow cytometry studies 

peptide horm< 



>mi.e.,,y/nmf: 



DNA synthesis occurs (Vesely etal. unpublished observation). 

Vessel dilator, IJKNP. Raliuretic peptide, and AN P had a very strong 
localization to the cytoplasm of Jthese cancer cells> We .hadj hypothesized 
that if these peptide hormones were reaching the nucleus to inhibit DNA 
synthesis, they should, also bl- abundantly present in the cytoplasm after 
bind ing to the cell surface receptors on plasma; membranes of the cancer 
cells. These peptides are known fo bind%> specific fera^ 



'"'■'fet ai. wm, wm> w 



Once ANP bihdsib its reCeptor, the receptbrihtemalizes and ANP'was 



membrane" (Hirata et al. 1 985; Napier et al. 1 986; Hughes et al. 1987; Won" 
al. 1988). Part of the cytoplasmic demonstration of these peptide 



(ANPs) attached to their receptees) which is being internalized. However; 
the intense cytdChemicai rocalizatibn throughout the cytoplasm and the 
new kn> 

localize in the nucleus suggests that these peptides are not all being 
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degraded in the cytoplasm as previously thoughts 
through the cytoplasm to reaoh.the nucleus to directly inhibit DNA 
synthesis. These: peptide hormones do have an ihtrafeiellular me'diatpr 
Within the eyJO^^^ W$f& Vesely ilfl^i; 

Cyclic GMP inhibits UNA synthlsis in these cancer cells, but only to about 
half of the extent of vessel dilator (Vesely et al: 2003): The new knowledge 
Of the present investigation that the ;peptide;hom"iones are reaching the 
Lhielaus;^ may be 

directly inhibiting DNA s'ynth'esis and decreasingicell cycleiprogression 
(with 62% less colls in me S phase) as well as/indirectly inhibiting DNA 
synthesis via the}.intraeel|ular messenger cyclic GiyiP. 

Cells that are targets forthe action of peptide hormones and/or 
growth factors express specific receptors for these peptides W 

underlying specificity and sensitivity for hormone/growth factor activity. 
Upon binding to itsTeceptor, respective peptides are-intemaljzed into the 
target-Cell by receptor^mediated endocytosis (Hirata et al. 1985). The 
newlyrformed endoc^ic vesicles provide ^ 
subsequent Vesicu oftherece^^ 

lysosomal compartment of the target cell* Lysosomal degradation of the 
receptor-ligand Complexes is thought to aceount for the ;down-regulation of 
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reisepfonsl arid the seiifilimltihg; riespiSnse of the -tiai^et celi; to thia peptide 
hormone-induced; stimulation (Hirata:e.t al. 1985). Because peptide 
hormones have been thought to be degraded, events initiated attheeell 
surface have been assumed to be responsible; for the subsequent 
biological response of the; target 'cell. However, a number of laboratories 
have shown: art;associatipri, of peptide hon^phes and/or grbwW factors 
with the nucleus of target eelis (Burwen arid Jones 1987). included in this, 
list are insulin, luteinizing hornipne releasing hprrnone,: human chorionic 
gphadofrpphin, rierVe igrpwth facto?v epidermai; growth factor arid platelet 
derived growth factor :(Burwen and Jones 1987). ^hisi associationilas; 
been demPriStrated by localization of th hormones in the nuclei 

and detection' of specific bfndihg sites fPr the peptide ihormones on or in 
nuclei, the accumulated, evidence has been largely ignored because ut 
does not fit the current cxDhceptuarsffarnewprk l^at mandates the 
lysosomal destrtJctioMofa^ and Jones 

1987). Further evidence ofthis point is that current textbooks of 
endocrinology db not mention peptide honriones localizing to nucleus, i.e., 
they only discuss thyroid and steroid: hormones localizing, to the' nucleus 
(Lalzaf 2003). 

That peptide hormones localize to, the nucleus requires that an 
aitemative transport pathway exists, resulting, in delivery; of endocytosed 
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peptide to the nud^ in addition, a direct 

association between a peptide hormone and the nucleus suggests that 
these peptides may exert at least.some of rtheir biological effects directly at 
the nusleaii level (Burwen and Jones 1 987$. It is important to note in this 
regard that all of the previously reported peptide hormones that; localize to; 
the nucleus have been, growth-promoting hormones (Burwen and Jones 
1987). The present investigation is the first demonstration that we are 
aware of that growth-rihhibiting peptide hormones localize to the nucleus, 
Sr^h§r¥^0^ c^hf.ii)P^y ihteract to inhibit the effects of itheigrOwth- 
stimulating hormones as well as act vjaiheir demonstrated direct 
decrease of Disl^i . synthesis in trp nucleus ^ 

Iri the preSenM^^ 
to the endothelium of the blood vessels growing fnto this cancer. This 
finding is similar to previous finding that these peptide ;hormones localized 
to the endothelium of blood vessels °f hbithaBKidneys (Ramirez et al. 
1992; Saba etal. 1S93J. In normaHissues these peptides localize tp the 
endothelium of larger arteries and veins (Ramirez et al. 1992; Saba et:al. 
1,993), but in the present investigation, when examined by \^-.&JE staining 
(Fig. 2), there Was not any large blood vessels growing- into these tumors 
but.rather jt was ohly capillari were invading this:canc Within the 
capillaries, it was the;endothelium that had :immunoperoxidase: staining of 
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these peptide hormones (Fig. 1 ): The fact that no large blood vessels had 
^^M^^^^^^^^^B- explain the pbservatidn on H & 
E examination thatfthe -centers of each of these tumors were necrotic. This 
finding is apparently due to these tumors outgrowing their blood supply 
(i.e., no large blood vessels were pr^$$$<@MHba.R due to an effect of 
mese/pefttide^^h^ ^ adenocarcinomas had 

equally -as much necrosis in the.center of their tumors as thes y,e$sel 
dilator, 

LANP, vessel dilatoi^ANP andlkaUuretic peptide also localized to 
the fibroblasts Within the adenocarcinomas in^he present investigatibn. It 
Mll^l^^^MiiM v^ith certainty in the preS^ 
these peptidevhoi^^ synfhgsiz^b^^ 
whether they localized teethe fibroblasts aftef th;eir ihfu;sion, ANP 
!proh^h1fto^ Inessenger RNA is present in^fibroblasts, Which indicatesthat, 
vessel dilator, LANP, kaliuretic peptide, and ANP, which are derived from; 
'^^^•^^^^^•^^^1^^ by fibroblasts (Rwano. et al. 2000). 
The fact that there? was no*localization of these peptide hormones to 
fibroblasts in the untreated; adenocarcinomas would suggest that their 
localization to fibroblasts was due the infusion of the respective peptide 
hormones. 



17 



Aekno\w1iBd.g§ments 
Wet thankdha riehe <Penn ihgtdn for excellent secretarial ass.^ 
and Quentih W, McAfee for culttiring the human pancneatte prior to 
tlieP^ Tnlssttidy^as funded: in. 

part by a;grant from the ; Darren Man New York i: New 

York, 



Literature Giteid 

Benjamin BA, Peterson TV (1995) Effect of proANF (31^67) on sodium 

excretion in conscious monkeys. Am d Physiol' 269:R1 351 -R1 355 
Brenner BM; Ballermann BJ, Gunning ME, Zeidel ML (1990).Diwerse: 

biological actions of atrial natriuretic peptide; Physiol Rev 70:665-699 
BurwehSJ, Jones AL ('1:987^: f he association e^;p6l^pieptide hormones 

and grov^h factors with nuclei of. target cells. TFenSfe Biofehem Sci 

12;159^162; 

Glark LC, Farghaly H, Saba SR, Vesely DL (2000) Amelioration .with 

vessel dilator of-acute tubular necrosis ;and ! renal failure;esta'blished for 

Grunning ME, Brady H, OtUeehere G, Brenner BM, Zeidel ML (1992) Atrial 




Hirata Y, Takata S, Torriita M, TakaiChi S. (1 985) Binding, internalization 
and degradation of atrial natriuretiG peptide in/cultured smooth muscle 
cells of rat> BioChem Biophys Res Gpmhiuh 132;976*98* 

Hsu SM, Raihe L. Fanger H ^ 

perpxidaserahtiperoxidase method and an avidinwbidtirt complex 



method for studyin9;pdlypeptide hormones with radioimmunoassay 
antibodies. Am J. Clin Pathol 75:734-738 
Hughes RJ, Struther RS, Fong AM, jnsel PA (1987) Regulation of the 
atrial natfiUretib peptide reGeptor on a smooth muscle =eell. Am; A 

Physiol- m&mo&Gm 6 

KavyanoiH, Do YS< KaWanO Y, Starries V, Barr M- Law Ri, Hsueh W/A 

(2000) Angiotensin II has. multiple profibrotie effects in human cardiac 

fibroblasts; Circulation 1 01 :4i:3M137 
Jtazai"- MA^2j0p3) Mechanisms of.actjbfr^ 

receptors. In LarsenPR, Kronenberg HM, Melmed S, Polonsky KS. 

Williams Textbook;of Endo;cnnolog^ e4 Pfii!ajd§lphii y PA* 

Saunders, 35*#4 

Martin BR, Peyaheuse;i)B, Tfigg ; DJ, Vese'ly BL, B,u;eTKert JE |199,Q) Three 

peptides,from the ANF prohormone NHz-terniinus are natriuretic 

and/for kaliufetic. Am J Physiol 258:FM0/I-FK08 
Morel G, Heisler S (1988) Internalization of endogenous and exogenous 

atrial natriuretic peptide by target issues. Electron Microse Rev 1:221- 

231 

NapierMA, Arcuri KE.Vandlen RL (1986) Binding and internalization of 
atrial natriuretic factor by high-affinity receptors in A10 smooth muscle 
cells. Arch Biochem Bfophys 248:516-522 



20 



Nasser A, Dietz JR, SiddiqueM, Patel H, Khan N, Antwi EK, Perez- 

Lamboy. Gl, MeCormiCk MT, Schocken DD, Veseiy DL (2001) Effects 

of kaliureticpeptide on sodium and water excretion in persons with 

congestive heart failure. Am J 'Cardiol 88:23-29 
Pitchumorti CS £1998). In Stein Jhl, emih^rn^^M^iGtnev^t, Louis: 

Mbsby; 2233-2247 
Ramirez G, Saba SR, Diete JR* Veseiy DL (1992) Immunocytochemical 

localization of prbANF1-30, proANF 31-67, and atrial: natriuretic factor 

in"fhe%idney. Kidney Iht 41:334-341 
Saba SR, Ramirez G* Veseiy DL (1;993 ) rm^gi'noCytpcbem 

of proANF 1-30, proANF 31-67, atrial natriuretic factor and urodilatin in 

the: human kidney. Am J Nephrol 13:85h93 
Veseiy BA, l#CA^ 

decrease the number of feuman pancreatic adenocarcinoma cells. Eur 

J Clin Invest 33:998-1 005 
Veseiy DL (1997) Sigg|lif|isd'uctiont Activatio^ of guariyjate cyclase^ 

cyclic guanQsiHe^S'S' monophosphate system- by hormones and free 

radicals. Am J IVlfed Sci 314:31 1-323 
Veseiy DL (2002) Atrial natriuretic peptide prohormone gene expression: 

Hormones and diseases that UpregulatSlts expression. lUBMB Life 

53:153-151 



7 



Vesely DL (2003) Natnuretic pieptides and aeiite renal failure. Am J 

Physiol 285:F167-F1# 
Vesely DL, Giark L& Qarees Jl^r McAfee ; QVV, SQtoA. QwwWR 

p@04) Move! ito^ 
' eafdibvasiiular hpw Eur J Clin lnvest:34;674H682 : 
Vesely DL, Cornett LE, McCleod SL, Nasi? AA', Norris JS (1990) Specific 

binding. sites for prohonrjone atrial natriuretic peptides 1-30, 31-67, 

and 99^126. Peptides 11 : 193-1 97 
Vesely DL, Dietz JR, Parka JR, Antwi EK, ©vertbh RM, McCormick MT, 

Cintron Q\ Schdckeh §^>§i^^^^$^$-0W^^^mm^ long 

aistirlgjna^ 

Am Heart J 1;3B:62M32 ' 
Vesely DL, Dietz JR, Parks JR, Baig M, McCormick MT, Cintron G, 

Schocken DD (1 998)-Vessel dilator enhances, sodium and water 

excretion andf has beneficial hemodynamic effects in persons with 

congestive heart failure. Circulation 98:323-329 
Vesely DL, 'ppuglassMA, Dietz 

nsMa^cp^ 
Vesely DL, Douglass MA, Dietz JR, Gowef WR Jr, McGormick MT, 
Rodriguez-Paz G ; Schocken DD (1994b) Three peptides from the 



22 



atrial natriuretic factor pfclionfione &f#no terminus lower blood 
pressure and produce diuresis natriuresis and/or kaliuresis in-humans. 
Circulation 90:1 129-1 140 
Vesely DL, Norris JS, Walters JM, Jespersen RR V Baeyens DA (;1987) 
Atnalmatfturetic prohbrftsiorie Mpjides 1-30 31-67 and 79-98 
v^odife 

•Hbmty iLvSalI'man ®!k iBayliss Jiyi srfe^forpro 
afiaf and 9.9-126 :on distal nephrons 
proximal tubules renal toxical -and medullary membranes. Renal 
Physiol: Biochem 15:3*32. 

WdlffRA, Abbhjzs3se Jll, ivah'sBB (2011) Irt Hdlllftd- <JF, P fei E III, 
editors. Cancer Medicine; London: BC Decker Inc. 1436-1464 



23 



Figure Uefends , . 
Figure C Immunoperoxidase localfegilifsi^ ^^e^^ftfiUlffeMii l(^r^-a^i|tg 
natriuretic peptide (LANP), kaliuretic peptide and atrial natriuretic peptide 
(ANP)iwithin human pancreatic; adenoeareinomas with each of these 
peptide hortno^ejs^rengly IpcaHzingfto cytoplasm (Gyt), nucleus '(is*), 
endothelium (E) and fibroblasts (F). The light blue stain in the fibroblasts is 
the nuclei of the fibroblasts. A) NZessel dilatdr-treated, B) LANP^reatedi 
Kaliuretic peptide^treated, Ef^rltlMreia^^ control is as\an 

insert in D. Primary antibody of ieachrpeptide was diluted 1 :800. Original 
magnification x 60. 

Figure ^ Histology (H&Ef bf humari Qa0p^^^^am^n^ ■. ; ' . 
illustrating 

adenocarcinoma., GAP - capillaries, Nl = nucleus 0kWBMB^^M$MM 
adenocarcinoma, cell, M = mitosis Within adenocarcinoma cell, and F = 
fibroblasts with human p^^^^m&mt^&m&M^iimsA magnification 
x60. 
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Table 1> Immuhohistbchemieal Ibi^lizaliori of vessel dilator, idngactirvg natrigreticjpe^tide 
adenocarcinomas. 



Vessel dilator ' mttP Kaliuretic peptide 

Cytoplasm 4+++' \/ • m%&> 

Nucleus +*+ ++* ** • * 

Endothelium: +++ ++++ • ++*+ 

Fibroblasts *++ ' *+++ +* 



fmmunope^ 0t6;+4*>^tjfj +***fe1^ obseMedi, 
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